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ABSTRACT 


Sixty-eight species of Chitinozoa belonging to 15 genera, 
and 37 species of Acritarcha belonging to 17 genera from Devonian sedi- 
ments of exploratory oil wells on the shelf and coastal region of Ghana, 
West Africa, are figured and described. Twenty species and three genera 
of the Chitinozoa, and twelve species and two genera of the Acritarcha 
appear to be new. 

The Ghanaian chitinozoan and acritarch assemblages have se- 
veral elements in common with those from the Devonian of Europe, North 
Africa, North America, and especially with an upper Lower Devonian (Em- 
sian) to a lower Upper Devonian (Frasnian) assemblage from Brazil, 

South America. 

Four tentative Chitinozoa assemblage zones have been proposed 
for the marine section of the Devonian sediments observed from the wells 
as follows, in descending order: "Zone D": Angochitina mourai Assen- 
blage Zone; "Zone C": Angochitina devonica-Angochitina (Ramochitina) 
ramosi Assemblage Zone; "Zone 8B": Cladochitina varispinosa Assemblage 
Zone; "Zone A": Ancyrochitina sp. 6 Assemblage Zone. 

Microfossi] evidence indicates that a marine transgression 
from the westerly direction, with respect to the present magnetic pole 
position, occurred in Ghana during the late Early Devonian (Emsian) 
time. The sea was very shallow, of.an epicontinental platform type and 
for a long period of time periodic fluctuations in water level ensued. 


Marine regression probably started during the early Late Devonian (Fras- 
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nian) and was slow. In the west, deltaic conditions probably followed 
the marine regression. Continental deposition followed the complete with- 
drawal of the Devonian Sea which was in turn followed by brackish water 
conditions. 

This study indicates a single and probably a continuous sedi- 
mentation cycle during the Devonian period in Ghana. It appears that a 
restricted stratigraphic interval in the Middle Shale Formation, or 
Clay Shale, of the Accraian Series outcropping along the east coast of 
Ghana corresponds to the lower section of the marine sediments observed 
from the wells, and a restricted stratigraphic interval in the Takoradi 
Shale of the Sekondi Series outcropping along the west coast of Ghana 
corresponds to the upper section of the marine sediments and lower part 
of the overlying continental material. The Clay Shale carries macro- 
fossils assigning an Early Devonian or Middle Devonian age to the Accra- 
ian Series and the Takoradi macrofossils, as well as plant fragments, have 
been used to date the Sekondi Series as Late Devonian or Early Carboni- 
ferous age. Several units in the Accraian Series and the Sekondi Series 
are probably synchronous and their lithologic dissimilarities are assumed 
to be reflections of local variations in the supply of clastic materials. 

The four tentative Chitinozoa assemblage zones proposed by 
the writer for the marine Devonian sediments in Ghana correlate closely, 
both in microfossil content and diagnostic species ranges of the zones, 
with similar zones proposed by Lange (1967) for Devonian sediments in the 
Parana Basin, Brazil, South America. Thus, this study reinforces the evi- 
dence of a common geologic setting for both sides of the Atlantic Ocean 


of West Africa and South America during the Devonian period. 
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CHAPTER 1 


INTRODUCTION 


Historical Background 


The economic development of Ghana, West Africa, has often 
been closely associated with the coastal region. The early explorers 
were attracted to the country by the aoid deposits in the coastal region 
and they named the country the Gold Coast. For several centuries this 
country was known by this name which described its immense economic 
potential. It was only in 1957 at Independence that the name of the coun- 
try was changed to Ghana to reflect our African heritage. 

In the Tano Basin in the south-west coast and the Keta 
Basin in the scutn-east coast of Ghana (Fic. 1) numerous o71] seepages 
and gas shows occur in sediments of Cretaceous and Tertiary age. Re- 
cent petroleum exploration drillings in the Keta Basin and on the con- 
tinental shelf. have indicated that beneath thick Cretaceous and Terti-~ 
ary sediments thick Paleozoic sediments, believed to be Devonian in 
age, are also potential reservoirs for petroleum deposits. 

In 1966, under an 071 exploration contract signed between 
the Ghana Government and the Industrial export Company, Romania, two 
onshore wells were drilled in tne Keta Basin which, hitherto, had been 
considered to be composed only of Cretaceous and Tertiary sediments. 


The first well drilled in the basin, Atiavi-1 well, was a stratigraphic 
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test well located at the central portion of the basin where geophysical 

data indicated about 8,000 feet thickness of sediments. The total depth 
of the well to the basement rocks of the Dahomeyan was about 5,000 feet. 
The lowermost 1,910 feet of the sediments encountered were Devonian in 

age. 

Since 1968 the entire continental shelf of Ghana has been 
under concession for petroleum exploration programmes, and by 1970, ele- 
ven wells had been completed. Four of these wells on the shelf (Fig. 5), 
i.e. Signal Exploration and Development Company/Ghana 10-1 well, 13-1 
well, and 13-2 well and Union Carbide/Shana 19-2A well penetrated through 
Paleozoic sediments with lithologic characteristics similar to the Sekondi 
Series or the Accraian Series which crop out along the coast (Figs. 2-4). 
Data from these wells are as follows: Signal Exploration and Development 
Company/Ghana 10-1 well: total depth 9,715 feet (?), Paleozoic sedi- 
ments 3,725 feet thickness (?); 13-1 well: total depth 9,000 feet, 
Paleozoic sediments 3,060 feet thickness; 13-2 well: total deptn 9,550 
feet, Paleozoic sediments 3,680 feet thickness; Union Carbide/Ghana 


19-2A well: total depth 9,010 feet, Paleozoic sediments 2,370 feet thick- 


The occurrence of Paleozoic sediments in areas previously 
believed to be composed of only Cretaceous/Tertiary and Recent sediments 
is geologically significant. But perhaps, of more importance, a quan- 
tity of oi] was reported from the Signal Exploration and Development 
Company/Ghana 10-1 well from two zones in the Paleozoic sediments with 
tested oi1 flow of 1,300 b/d of oil of 40 degree API gravity and 2,300 b/d 


of oil of 37 degree API gravity. Hydrocarbon shows have also been reported 
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from the Paleozoic sediments observed in the other wells. 

Apart from its economic potentialities, the coastal region 
of Ghana as part of the Atlantic Coast of West Africa has special geolo- 
gical interest. The close similarity in geologic setting of both sides 
of the Atlantic Ocean off Africa and South America (Fig. 13) during the 
Paleozoic and Mesozoic eras has been used by the proponents of the Con- 
tinental Drift Theory as strong supporting evidence for the theory. 

The economic potentialities as well as international geolo- 
gical interest require the establishment of standard biostratigraphic 
Successions and assemblages to be used as tools in calibration of the 
Ghanaian sedimentary column. I1]lustrations of the components of the assem- 
blages will assist other geologists in the recognition of the diagnostic 
fossils. All of the illustrated fossils of this thesis are believed to 
be Devonian in age. Microfossils consisting of abundant cnitinozoans, 
acritarchs, spores, tasmanitids, leiospheres and scolecodonts from the 
Paleozoic sediments from the Signal Exploration and Development Company/ 
Ghana 10-1 well, Union Carbide/Ghana 19-2A well, and Ghana Geological 
Survey/Atiavi-1 well have been prepared for a preparation of a Special 
Geological Report for the Got eene of Ghana. 

The chitinozoan and acritarch assemblage which will consti- 
tute Part One of the report to the Government of Ghana forms the basis 
of this dissertation. The spore assemblage will form Part Two and the 
tasmanites, leiospheres and scolecodonts will form Part Three of the 


report. 
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Objective and Scope of Thesis 


It is believed that a detailed knowledge of the biostrati- 
graphy of the Paleozoic sediments on the shelf and coastal region of 
Ghana will be the basis upon which their petroleum potentialities can 
“tie better assessed. The geologic knowledge of these sediments from this 

project will also be ‘important in shedding some light on the geologic 
setting of the Atlantic coast of West Africa and of South America 
during the Devonian period. 

The immediate objectives of this thesis toward fulfilling 
the above-mentioned goals are to establish biostratigraphic zona- 
tions for the Paleozoic sediments from the three wells (super) on the 
basis of the chitinozoan assemblage; tc interpret the paleoecology of 
the various lithofacies with palynomorphic entities, viz: chitinozoans, 
acritarchs, and spores; to compare the Ghanaian chitinozoan and acri- 
tarch species from the wells studied with similar chitinozoan and acri- 
tarch species reported from better dated sediments in Europe, North 
Africa, North America, and South America in an attempt to establish 
specific age for the Paleozoic sediments observed from the various wells 
Studied; to correlate the Ghanaian chitinozoan and acritarch assemblage 
with that of Brazil. 

The scope of the thesis is to study the chitinozoans and the 
acritarchs recovered from the exploratory wells and identify the various 
Species on the bases of the classification schemes proposed for the chi- 
tinozoans by Eisenack, and the acritarchs by Downie, Evitt and Sarjeant, 
and to interpret the ecologic significance of the assemblages within 


the framework of the present knowledge of the groups. 


Lsnseeant sity Re past site’ shiqaondnetag: jee the fie to Poke tt a 


aa mh % 
= ~ 


<btertzotd: st “ho aeba lwons bal hegeb: 6 elt be 
“Yo aotoay feneos" hie Viete att ae sation snetin 8 
wee 2ottt Tettebied motored stadt got moqu etpad oly at 

atie set iotitemtbae -xeadd 36 apie fwond otal opp ait picasa, 
stactday ont no tigi ania pis hiya at sanoani we oats F ip: : 
steven dguae to bas sortth tue to d¢€09- at aia (SA ae , 
af sbohieg noinoved t 


B 


wert ¥tut brewed bean ai on 1 avin: gtatbannt ot 
capped: ottyere itera tet Tdaiee eb) “Ove shea, bahot ore 
a a tote) - ets gw’ ‘bapeiy” add neni aieespet he vhosts 


ag, v a 
é i 4 
ie VeNTeotoo! ay ane” Fess ttet gy fapeldmiars osomnnbstts ¢ , 


: seog hie: waosonTt tro: aptrona rhe seeing 0% saeneae we 
ste banetaontaten nis Pie dyin Hobbute: sable ad my? » 
dfvow Aqonus: at asec hb BOSD aateed mot tsdogart @ 

Met fesieoes denaiss a nt Babrom, MieQe brs AOA 

at Faw “subtesy add: molt bowrseda ‘eloronittibe +stoxool sh. Bad. wey. 063 


| aopamaeramial base. acmannainaaaaalial atefarws 09 "th 


ean eneosort sta ait ybude-OF 25. ateany ont to ata -aaF: 7a ” | 
+ awww aria esis ite: ifaw emote SAE woaY horseineten 4 a 
“abies ad we bzaqbra “emaidon nakesstitersts att %0 ooicnil ON ate ae BR 
cen bate F203 colle xitedostaos at bas Jonna ta ana ” + 
Pamiotw saumnisnetnciedl SHrpotony’ arth Soniye 
a ‘— oe ror a 


os 
SS ae eee 


‘ 
* rn se 


baal i sty 
a . - t ; 
—_ bi ! ee 
7 ¥ 


Spores found in sedimentary basins were probably endemic to 
the immediate geographic margins of the basins. The amount of spore 
diversity and abundance in sedimentary basins depends on wind direction 
and current patterns in the basins. The general distribution of the 
spores in relation to the chitinozoan and the acritarch assemblages 
from the wells may provide evidence on major palececologic changes during 


the deposition of the sediments. 
Previous Work on Paleozoic Sediments Outcropping Along the Coast 


Along the east and west coast of Ghana, Paleozoic clastic 
sediments tentatively dated as Lower or Middle Devonian age (the Accrai- 
an Series) and upper Devonian or Lower Carboniferous age (the Sekondi 
Series), occur as faulted blocks (Figs. 2-4). The estimated thickness 
of the Accraian Series is 2,865 feet (Saul in Saul et al., 1963) and that 
of the Sekondi Series is 3,740-4,000 feet (Crow, 1952). Although these 
Sediments are lithologically well known, the knowledge of their biostra- 
tigraphy is extremely limited. The scanty paleontologic work which has 
been dene so far, on both series, has been restricted to the description 
of faunas and floras, from a single unit in each series. The material 
was not sufficiently diagnostic to give other than generalized limits 
to the age of the beds. 

Davies (in Kitson, 1922) described some faunas from the Accra 
Shale (Middle Shale Formation, McCallien, 1962; Clay Shale, Harris, 1964) 
and suggested a Middle Devonian age for the Accra Shale and tentatively 
correlated the sediments with the Middle Devonian Hamilton Group of New 
York State. Later, however, a Lower Devonian age was proposed for the 


Accraian Series and they were correlated with the Lower Devonian Bokkveld 
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Series of South Africa (Kitson, 1928). Saul et al. (1963) described a 
faunal assemblage from the Accra Shale but no specific age was proposed 
for the rocks. Saul (in Saul et al., op cit.) stated, "... The fauna 

of the Accraian Series cannot be precisely correlated with any other 
Devonian fauna that has been studied. Nothing in the faunal assemblage 
can be correlated with certainty at the specific level with any known 
fossils, but the genera represented are well known in any Lower and Mid- 
dle Devonian sequence.... The conclusion therefore is that the Accraian 
Series is of Lower to Middle Devonian age and cannot be accurately cor- 
related with any strata of this age studied to date." Anderson et al. 
(1966) proposed an early Devonian age for the Accraian Series, based on 
a few mutationellid brachiopods collected from the Accra Shate. 

The ages which have been suggested for the Sekondi Series are 
as tentative as that for the Accraian Series. Davies (in Kitson, 1922; 
1928) on the basis of faunal assemblage from the Takoradi Shale sug- 
gested Lower Carboniferous position for the Sekondi Series. Cox (1946) 
proposed "Devonian or Lower Carboniferous age, perhaps slightly more sug- 
gestive of the Devonian" for the Takoradi Shale, based on faunal assen- 
blage. Mensah and Chaloner (1971) suggested an early Carboniferous age 
for the Takoradi Shale, based on floral content. 

It is clear from the work of these paleontologists that dating 
by macrofossils of the Paleozoic sediments outcropping along the coast of 
Ghana has been difficult and there appears to be a general lack of con- 
census of opinion on specific ages for either of the series. The prob- 
lem is due largely to the fact that large sections of both the Accraian 


Series and the Sekondi Series are barren and the few macrofossils 
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which have been used to date them were usually too poorly preserved to 
allow more extensive analysis. No systematic biostratigraphic work 
involving any form of microfossils, however, has been attempted up to 


date for either the Accraian Series or the Sekondi Series. 
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CHAPTER II 


GEOLOGY OF THE COASTAL REGION OF 
GHANA, WEST AFRICA 


General Statement 


The Republic of Ghana, West Africa lies approximately be- 
tween longitudes 3 degrees west and 1 dearee east of the prime meri- 
dian and between latitudes 5-11 degrees north of the equator. It covers 
an area of approximately 92,000 Sq. miles onshore with a continuous 9,200 
Square miles of continental shelf. Geologically, most of the major rock 
systems from early Precambrian to the Recent are exposed onshore (rig. 
1). The record of these rocks indicates several advances and retreats 
of the sea from the Precambrian era to Tertiary time. 

The Precambrian rocks are represented in Ghana by the fol- 
lowing systems, in ascending order: Dahomeyan, Birrimian, Tarkwaian, 
Togo and the Buem. Each of these systems is separated from the preced- 
ing one by a fold phase and unconformity. They have been metamorphosed 
by igneous bodies at various times, contemporaneously or immediately af- 
ter folding. 

The Paleozoic sediments at the coast are represented by the 
Accraian Series and the Sekondi Series. These rocks are extensively 
block-faulted and to a large measure, this has influenced the configura- 


tion of the present coastline (Figs. 2-4). 
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At the extreme southwestern and southeastern corners of 
Ghana on the coast, in the Tano Basin and the Keta Basin, respectively, 
Cretaceous/Tertiary sediments are found as remnants of sedimentary in- 
fill. Oi] exploration drillings in the Tano Basin indicated a 10,000 feet 
thickness of sedimentary rocks along the coast and toward the border with 
the Ivory Coast. The oldest rocks encountered in the wells are of Middle 
Cretaceous age (Khan, 1970). In the Keta Basin, however, 2,840 feet 
thickness of Tertiary and Cretaceous sediments (Campanian-Maestrichtian) 
overlie unconformably about 1,910 feet thickness of Devonian sediments. 
A 230-foot thick dolerite intrusion of post-Devonian age and pre-Cretaceous 
age (Khan, 1970, p. 19) was encountered situated between the Devonian 
and the Cretaceous sediments. Southward, however, the Tertiary/Cretaceous 
sediments thicken considerably but no Devonian sediments were observed in 


the offshore well (K22-1) located near Keta (Fig. 5). 


Stratigraphy of the Paleozoic Sediments 


Lithology 


The rocks of the Accraian Series are composed of interbedded 
shales and sandstones. They cover approximately 28 square miles in the 
vicinity of Accra and overlap Precambrian rocks of the Dahomeyan, Togo 
and the Buem systems. With the exception of some exposures along the 
coast, and in pits, excavations and trenches for engineering purposes, 


most of the rocks are covered by superficial deposits. 
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Kitson (1915) briefly mentioned the rocks of Accra in the 


Annual Geological Survey Report and later (1922) described them in detail 


at the 13th International Geological Congress, Brussels, Belgium. He 
divided the rocks into two main units: (1) sandstones at the two ends 
of the coastal section, separated by (2) clayey-shales and mudstones in 
the middle section of the coastline. This, in effect, implied that the 
two sandstone bodies at the coast are synchronous. Later work, however, 
indicated that they are not stratigraphically related and the one on the 
east coast is younger than the other. | 

Junner (1940) proposed four main subdivisions for the Ac- 
craian Series, in ascending order, as follows: (la) Cross-bedded 
sandstones and pebbly grit; (1b). Alternating fine-grained sandstones 
and shales; (2) Relatively thick series of shales and mudstones 3 
(3) Massive cross-bedded sandstone; (4) Alternating shales and thin- 
bedded micaceous sandstones. 

Mason (1957) suggested three subdivisions of the Accraian 
Series as follows, in ascending order; (la) Basal grit 32 feet thick 
(at coast); (1b) Sandstone 183 feet thick (at coast); (2) Clay- 
Shale 380 feet thick (at coast); (3)  Interbedded sandstone (thick- 
ness?). 

McCallien (1962) proposed a casual formational subdivision 
for the Accraian Series as follows, in ascending order; (a) Lower Sand- 
stone Formation; (b) Middle Shale Formation; (c) Upper Sandstone-Shale 
Formation. According to McCallien, the Middle Shale Formation becomes 
more sandy upward and by an increase of sandstone interbeds, grades 


transitionally into the higher formation. The Upper Sandstone-Shale 
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Formation is usually intimately interbedded thin strata, but may show 
development of thick non-interbedded sandstones which are often coarse 
and distinctly pebbly. 

, Saul (in Saul et al., 1963) subdivided the Accraian Series 
into six units as follows, in ascending order: (1) Basal grit; (2) Low- 
er sandstone; (3) Clay shale; (4) Lower interbedded clay shale and sand- 
stone; (5) Upper sandstone; (6) Upper interbedded clay shale and sand- 
stone. According to Saul (op. cit.) the sandstones and the basal grit 
are very quartzose. A total thickness of 2,865 feet was estimated for 
the series. Saul, however, indicated that the thicknesses and the rela- 
tionships of the wiper units are greatly complicated by faulting and it 
is not clear whether the upper sandstone is above or below the inter- 
bedded clay shale and sandstone. He suggested that tne Accraian Series 


may be either an unrepeated sequence of sediments or a shallow syncline. 


t 


Thus, his estimation of the thicknesses was based on considering the series 


to be an unrepeated sedimentary sequence. In the Union Carbide/Ghana 


19-2A well located close to the outcrop of the Accraian Series (Fig. 5), 


the Devonian sequence encountered in the well is 2,370 feet thick. 

Harris (1964) subdivided the Accraian Series into three 
groups, in ascending order, as follows: (a) Interbedded sandstones 
and shale; (b) Clay shale; (c) Sandstones. Harris' report on the Ac- 
craian Series was none or less a summary of various unpublished geologic 
reports on the series supplemented by geologic information obtained from 
extensive pitting, trenching and drilling for engineering purposes. Al- 
though all the various borings were logged in detail, no thicknesses were 


suggested for any of his three units. However, the areal extent of the 
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series was established for the first time and various faults in the 


area better delineated (Fig. 2). 


Paleontology 


Various species of lamellibranchs, brachiopods, trilobites 
and gastropods have been reported from the Accra Shale. Davis (in 
Kitson, 1922) recorded the following fauna from the Accraian Series: 
Dipleura (Homalonotus) dekayi; Nuculites (Cleidophorus); Palaeoneilo; 
Glyptodesma; Leiopteria; Lunulicardium; Conocardium; Hyolithes; Pleuro- 
tomaria(?); Lingula. 

Plant fragments and chelae of crustaceans were also found 
in the Accraian Series. Based on this faunal assemblage, a Middle Devon- 
ian age was suggested for the Accraian Series and tentatively correlated 
with the Middle Devonian Hamilton Series of New York State. Lower De- 
vonian age was later proposed for the Accraian Series and it was Sug- 
gested that the Accraian Series correlates with the Lower Devonian Bokk- 
veld Series of South Africa (Kitson, 1928). 

Saul et al. (op cit.) recorded the following fauna from the 
Accraian Series; Prismodictya; Discinisca; Lingula; terebratuloid; Leiop- 
teria; Nuculana; Nuculites; Pleurodapsis: Ptychodesma; Stephenotus; 
Holopea; Plectonotus; Hyolithes; Tentaculites; homalonotid. Saul et al. 
compared the faunal assemblage in the Accraian Series with similar as- 
semblages (at generic level) in the Hamilton Series of North America, in 
the Bokkveld Series of South Africa, in the Parana basin of Brazil, in 
Bolivia and in North Africa, yet no age could be specifically proposed 


for the Accraian Series. However, according to Saul "... The terebratu- 
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loids show that the series cannot be younger than Givetian. Other 
fossils found in the series are not well enough known to aid in the dating 
problem, though most of the genera represented are in eastern North Ameri- 
ca more Conmonly found in Middle Devonian strata ..." Saul indicated that 
the tentative correlations of the Accraian Series with the Bokkveld and 
Hamilton Series should be rejected since no species was found common to 
the Accraian and Bokkveld or Hamilton Series. Thus, the Accraian Series 
is of Lower to Middle Devonian age but could not be accurately correlated 
with any strata of this age studied to date. 

Anderson et al. (1966) described some specimens of terebra- 
tulid brachiopods of subfamily Mutationellinae collected from the Accra 


Shale and proposed Early Devonian age for the sediments. 


The Sekondi Series 


Lithology 


The rocks of the Sekondi Series consist of feldspathic 
sandstones, siltstones and shales. They cover approximately 77 square 
miles onshore and extend in the aggregate along 43 miles of coastline 
as disconnected, block-faulted outcrops between Dixcove and Cape Coast 
on the west coast of Ghana. The rocks overlie unconformably Precambrian 
rocks of the Birrimian System. 

Parkinson (1911) first mentioned the rocks of the Sekondi 
Series between Cape Coast and Sekondi as red and purple grits and arkoses, 
with ironstone partings and laminae of kaolin. Kitson (1916) reported 
oi] shales from the Takoradi Shale. Junner (1924 in Crow, 1952) 


subdivided the Sekondi Series in Sekondi-Takoradi area as follows, 
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in ascending order: (1) Chocolate coloured arkose; (2) Highly friable 
sandstone; (3) Carbonaceous shale; (4) Alternating sandstone and shale 
with bands of chalcedony; (5) Upper pebbly argillaceous sandstones. 
Junner (1939) revised his previous classification of the series as foi- 
lows, in ascending order: (1) Ajua Shales; (2) Elmina Sandstone; (3) Tak- 
oradi Shales; (4) Efia Nkwanta Beds; (5) Sekondi Sandstone. Crow (1952) 
mapped in detail the various outcrops of the Sekondi Series in order to 
confirm the stratigraphic successions proposed by Junner (op. cit.) and 
also to delineate accurately the extent of the various units. A summary 
of Crow's classification and the thicknesses of the various lithotypes 
is indicated in Table 1. A "Serpentine-rich rock" of 8 feet thickness 
intrudes into the Sekondi Series as a sill and was dated between Carboni- 
ferous and Jurassic age. The extensive faulting in the area was tenta~ 
tively dated by Crow as post-Jurassic in age. 

With the exception of the Takoradi Shale and Takoradi 
Sandstone where a few fossils have been reported (see discussion on 
paleontology, p. 29 ) the other units of the Sekondi Series appear to 
be barren. Thus, using sedimentary structures and petrography of the 
sediments, Crow (op. cit.) reconstructed the paleoecology of the Sekondi 
Series as Elena (Summary) “ ... The rocks of the Sekondi Series were 
probably deposited in a large elongated valley descending to south-west. 
At the beginning the Ajua Shales were deposited under glacial conditions 
in a melt water lake, followed by a general inundation and the deposi- 
tion of the Elmina Sandstone, stil] in a cold climate. After an emerg- 
ence of the Elmina Sandstone, a river commenced to deposit the Takoradi 
beds in the valley. According to the variations in the elevation of the 


land, the deposits were fluviatile, estuarine, swamp, and possibly, 
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in feet 
S, Sekondi Sandstone. 
(b) Upper--Pebbly argqillaceous and felspathic sand- ) 
stones and conalomerates. f 1.000 


with subordinate shales and mudstones. 


| (a) Lower--Massive quartzose sandstones and grits | . | 
% Efia Nkwanta Beds. 
(c) Upper--Thin bedded siltstone, shale, shaly 
sandstone, and some coarse sandstone, with 85 
nodules, bands, and lenses of chert 
| 


(b) Middle--Friable sandstone, both well bedded — 


and massive, with interbedded mudstone and B15 
Shale 
(a) Lower--Cross-bedded, soft, fine-grained, pale +~—~ 300 nie. 


purple, pink, grey, green, and cream sandstone 
|S, Takoradi Shales. 
Black and grey carboriaceous shales, sandy 
Shales, and shaly sandstone, with interbedded 650 
qrit and fine-grained sandstone, and with 
nodules of siderite and nyrite 


3 Takoradi Sandstone. 
{b) Massive and bedded friable ferruqinous sand- 


stone with coarse-arained beds, breccia- 500 
tayo: thine bedded, brittle, micaceous sandstone with ' 100 


EES Shale and some clay shale 


= ay ee » and interbedded s shales 


S> ETrana sadn Sandstone. 
Chocolate and purple felspathic micaceous sand- 1.000--1.200 
stone, with coarse sandstone, conglomerate, au , 
shale, and mudstone near the base 


S; Ajua Shales. 
Varved shales, sandy shales, and sandstones 140--200 
containing scattered boulders and pebbles with 
a coarse boulder bed at the base 


MAJOR UNCONFORMITY 
Hornblende-granite of the Dixcove type. 
Biotite-granite of the Cape Coast type. 
Biotite- and hornblende-gneiss, schist, and granulite (Metamorphosed 


Birrimian) ‘ 


Table 1. Summary of the Lithology and Thicknesses of the Sekondi Series 
(after Crow, 1952). 
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deltaic. Silting up of the estuary, accompanied by increasing dryness, 
resulted in the formation of wind blown sands of the Lower Efia Nkwanta 
beds. The Middle and Upper Efia Nkwanta beds represent a partial re- 
surgence of the river flow followed by a return to widespread mature 
conditions. The Lower Sekondi Sandstone represents a rejuvenation of 
the upper part of the river resulting in the erosion of its flood plain 
higher up, but renewed deposition lower down. The Upper Sekondi sand- 
stones may indicate an additional rejuvenation with consequent rapid 


erosion, transportation, and deposition." 


Paleontology 


A few fossils have been described from the Sekondi Series. - 


- Davies (in Kitson, 1922) reported the following fossils from the Takoradi 


Shales and Takoradi sandstones: Orbiculoidea nitida ? Phillips; Posi- 
donomya becheri (Goldfuss) ; Modiola sp.; Cypricardella ? sp.; Myalina ? 
sp. According to Davies (op. cit.) 0. nitida and similar species occur 
at many horizons, including the Devonian. On the other hand, P. becheri 
is a widespread Lower Carboniferous species and has been recorded from 
Europe, North America, and North Africa. Thus, based on the occurrence 
of P. becheri in the Takoradi Shale, Davies provisionally proposed Lower 
Carboniferous age for the sediments. 

| Fragmentary fish remains, including teeth of Pleuracanthus, 
scales, head bones, and operculum of palaeoniscids (cf. Cladodus) have 
also been identified by Whyte (in Kitson, 1928) from the Takoradi Shate. 
These fossils are Carboniferous ot Devonian in age, according to Whyte. 


Cox (1946) recorded the following fauna from the Takoradi 
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Shale: Pleurotomaria (Ptychomphalina ?) batesi Cox; Palaeoneilo (Koenenia) 
junneri Cox; Nuculana cf. diversa Hall; Parallelodon cooperi Cox; Leiop- 
teria hirsti Cox; Modiomorpha kitsoni Cox; Cypricardella tealei Cox; 
Sphenotus sekondiensis Cox; Lingulodiscina guineensis Cox. Based on 
this faunal assemblage Cox suggested "Devonian or Carboniferous age, 
perhaps slightly more suggestive of the Devonian" for the Takoradi 
Shale. 

Mensah and Chaloner (1971) described some plant fossils 
from the Takoradi Shale, among which were the following: Archaeosigil- 
sah and Chaloner. According to these workers these plant fossils show 
closer similarity to several Lower Carboniferous lycopod assemblages 
from North Africa than to the closest comparable species described from 
the Witteberg Series in the Cape (South Africa). A Lower Carboniferous 


age was thus suggested for the Takoradi Shale. 
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CHAPTER IIT 


RESEARCH TECHNIQUES 


Lithology of Samples 


The samples which were used in this project were mostly cut- 
ting samples. The lithologic descriptions are included in the Appendix. 
They are generally shales, sandy shales and siltstones. 

The quality ef cutting-samples depends, more or jess, on 
drilling mud and drilling techniques over which the writer has no control. 
Unfortunately, none of the electric logs from any of the welis were made 
available. For this reason the itholodic descriptions of the samples 
in the Apoendix, as well as the lithologic boundaries for the wells 
are purely interpretative, based solely on visual observations of the 


Samples under the binocular microscope. 


Laboratory Procedures 


Physical Disintegration 

About 30 gms. of the sample were thoroughly washed with 
distilled water, and in the case of core samples or large cuttings, were 
crushed to “pea size" with cleaned pestle and mortar. The sample was 


then transferred into a 250 ml. polythene beaker with a fitting Tid. 
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Chemical Disintegration 


All the carbonate in the sample was removed with 10-15% 
dilute HCl. The complete removal of the carbonate is important since 
any carbonate left would form a gel-like precipitate in the next treat- 
ment with HF which would be difficult to remove. After the ae has 
been removed, the sample was washed thrice with distilled water by de- 
cantation process. Commercial HF (52% strength) was added to the sample 
to digest the silicate minerals. Period was 2-7 days depending on the 
induration of the sample. Occasionally, however, fresh HF was added to 
accelerate the digestion process. After the sample has been digested it 
was washed thrice with distilled water by decantation process. In the 
decantation process at any stage, the decanted solution was always 


checked to see whether microfossils were being missed. 


Maceration Process 

At the end of the silicate digestion with HF it was neces- 
sary to determine whether maceration was necessary and which procedure 
to use. For most of the oxidized or partly oxidized samples (red col- 
oured samples) maceration was usually not necessary. The process was 
necessary to render the organic material in the greyish and dark grey 
Shales translucent. 

Concentrated HNO. (71%) was added to the sample for periods 
ranging from 8-15 minutes. Concentrated HNO, directly dissolves and 
converts the organic material into humic acid, thus, the process was 
closely controlled so that no palynomorphs were destroyed. Drops of the 
material were frequently put on a glass slide, covered with cover slip 
and examined under the microscope. When the organic fractions, parti- 


cularly the acritarchs and spores, were sufficiently macerated the acid 
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was decanted and the material was washed thrice with distilled water. 
Occasionally, however, Schultze solution was used to macerate the organic 
material in some samples. 

The humic acid formed as a result of the action of the acid 
on the organic material was removed by further treatment of the residue 
with 2% KOH for about 10 minutes. This process was also closely con- 
trolled. The KOH was decanted and the residue washed thrice with dis- 


tilled water. 


Heavy Liguid Separation 


The residue was mixed with Zinc Bromide solution of about 2.3 
S.G. and then centrifuged. The organic fraction collected at the top 
of the test tube was carefully pipetted, thoroughly washed with distilled 
water and stained with Safranin 0 using the filtration system of Neves 


and Dale (1963). 


Filtration System of Neves and Dale 


This system enables samples to be washed and stained without 
the transference of material from one receptacle to another. The sys- 
tem can actually be used from the maceration process if heavy liquid 
separation is not required. 

The apparatus consists of a 150 ml. Buchner funnel with a 
fitted glass filter of 10-15 microns pore size. a 1000 ml. filtering 
flask with a side tube and a two-way rubber bulb. The funnel was fitted 
to the flask and the sample was added together with a copious amount of 
distilled water. The sample was then filtered, removing all the fine 
Organic particles. The filtrate was periodically checked to see whether 


microfossils were not missed. After most of the fine organic particles 
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have been removed, the organic residue was stained and the excess stain 
removed. The filtration apparatus was cleaned with Schultze solution 
after each sample run. 

In most samples the spores, leiospheres, and tasmanites were 


usually difficult to stain. 


Mounting 


Two drops of the concentrated residue were added to a 5 ml. 
phial into which has been placed 10 drops of distilled water and 10 
drops of elvanol. The solution was thoroughly mixed and spread on 
No. 1, 22 x 50 mm. (preferably), or 22 x 22 mm. cover slip and allowed 
to dry under cover and then permanently mounted on glass slides using 
Canada Balsam. As many as 4-6 slides were prepared for most of the 
samples. The slides were labelled and left in warm oven of about 68°F 


for a couple of days. 


Examination and Photomicrography 

All the slides were studied using the Leitz Ortholux micro- 
scope 1011 equipped with an Orthomat camera attachment. The slides were 
placed on the mechanical stage of the microscope with the label to the 
right of the observer and the co-ordinates quoted in the text refer to 
the mechanical stage of this microscope with the horizontal scale given 
first followed by the vertical scale (e.g. 120.4/34.5). Each slide 
was thoroughly scanned for complete coverage but as the vertical move- 
ment of the mechanical stage could not cover the width of the slide, 
the position of the slide had to be reversed with the label to the left 


of the observer. Co-ordinates recorded in this position are prefixed 
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"L" (e.g. L109.8/30.7). New and well preserved "species" on each slide 
were photographed using Panatomic X film. By this "continuous photograph- 
ic process" of specimens in each sample, comparison would be readily 

made with specimens in other samples and variations within species 

could be recognized. Processing of the photographs including the plates 
were carried out by the writer in the photographic studio in the Depart- 


ment of Geology. 


Scanning Electron Micrography 


The S4 Cambridge Stereoscan was used in this process. Spe- 
cimens to be photographed with the S.E.M. (scanning electron microscope) 
were picked from the prepared samples with micropipette under the bi- 
nocular microscope, washed in distilled water and mounted on the stub 
by means of fine, soft brush. No mounting medium was used apart from 
the glue on the stub left by the tape cover. The specimens were coated 
with about 150 Angstroms thick of carbon and gold in the Edwards’ Va- 


cuum Evaporator. All the illustrated micrographs are paratypes. 


Repository 


All the slides used in this project will be deposited in 
the Ghana Geological Survey Palynological Type Collections. The fol- 
lowing procedure has been adopted in labelling the slides: (1) name of 
the company or organization which drilled the well; (2) location of the 
well; (3) sample number (in feet or meters); and (4) slide number pre- 
pared for a particular sample. Example (A): UC/19-2A/8840/4 which 


would be code for the following data: 
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Company: Union Carbide 

Well Location: Ghana 19-2A | 

Sample Number: 8840 at 8,840 feet drilling dept 

| Slide Number: 4 of Sample 8840 

Example (B) SE/10-1/7680/3 

Company: Signal Exploration and Development Company 

Well Location: Ghana 10-1 

Sample Number: 7680 at 7,680 feet drilling depth 

Slide Number: 3 of Sample 7680 
Example (C) Atiavi-1/1460-1462/2 

Organization: Ghana Geological Survey 

Well Location: Atiavi-1 

Sample Number: 1460-1462 at 1,460-1,462 meters drilling 

depth 

Slide Number: 2 of Sample 1460-1462 © 

Core samples are indicated by using suffix "C" for the Core 
Sample numbers. The interval cored is also indicated on the slide. 

In the next paragraphs the following abbreviations have been: 
used for the wells: UC/19-2A well (Union Carbide/Ghana 19-2A well; 
SE/10-1 well (Signal Exploration and Development Company/Ghana 10-1 


well); A-1 well (Ghana Geological Survey Atiavi-1 well). 
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CHAPTER IV 
MICROFOSSIL DISTRIBUTION AND COMPARISON 


Lithofacies Succession 


The distribution of microfossils in the SE/10-1 well, UC/ 
19-2A well and A-1 well indicates a general similarity of lithofacies 
successions. The lower sections of the Paleozoic sediments observed 
from the wells are marine and are composed of interbedded series of 
Shales, sandstones, and siltstones with chitinozoans, acritarchs, svores, 
tasmanites, leiospheres, and scolecodonts. In the SE/10-1 well, the 
thickness of this section is 1,050 feet, in tne UC/19-2A well located at 
about 83 miles ENE of the SE/10-1 well, the thickness of the section is 
1,040 feet, and in the A-1 well located at about 54 miles ENE of the 
UC/19-2A well, it is 1,010 feet thickness (Fig. 5). 

Overlying the marine facies in these wells are distinctly 
continental facies of interbedded shales, siltstones, and sandstones 
with occasional thin carbonaceous shaly beds containing abundant spore 
assemblages. This unit is 350 feet thick in the SE/10-1 well, 500 feet 
thick in the UC/19-2A well, and about 750 feet thick in the A-1 well. 

Directly above the continental facies in the SE/10-1 well and 
the UC/19-2A well, barren intervals occur which are generally composed 
of coarse clastics with occasional chert. Some carbonate bands also 
occur in the barren intervals in the two wells. In the A-1 wel? how- 


ever, the barren section was not observed. The thickness of the bar-~ 
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ren section is 1,600 feet in the SE/10-1 well, and 850 feet in the 
UC/19-2A well, except for a thin calcareous clastic sediment containing 
Eone chitinozoans, poorly preserved acritarchs and some spores at 7,060 
feet depth in the well. 

In the uppermost portions of the Paleozoic sediments in the 
three wells distinct acritarch and spore assemblages occur. This sec- 
tion is very well developed in the A-1 well with a thickness of about 


150 feet. 


Chitinozoan Distribution and Comparison 


The Range Charts in Figures 6, 7, and 8 indicate the distri- 
bution of the Chitinozoa in SE/10-1 well, UC/19-2A well, and A-1 well, 
respectively. Table 2 shows the comparative distribution of the chiti- 
nozoans from the various wells studied. Of a total of 68 Chitinozoa 
species observed from the wells 23 are common to all three wells, 16 
are common to a combination of two wells, and 29 Ke unique to one 
or other of the wells. With the exception of a few species, the species 
which are restricted to a single well are very rare ith only one or 
two specimens observed. 

The following species are common to all three wells: 

Alpenachitina eisenacki Dunn and Miller 

?Alpenachitina sp. 1 

Ancyrochitina sp. cf. A. ancyrea Eisenack 

Ancyrochitina striata Taugourdeau 

Ancyrochitina tomentosa Taugourdeau and Jekhowsky 


——o 


Ancyrochitina sp. cf. A. cornigera Collinson and Scott 
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Figure 7. Range Chart of the Chitinozoa Species from the Union Carbide/Ghana 19-2A Well. 
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Ancyrochitina langei Sommer and van Boekel 
Ancyrochitina tumida Taugourdeau and Jekhowsky 
Ancyrochitina sp. cf. A. spinosa Eisenack 
Ancyrochitina sp. cf. A. sp. Jansonius 
Ancyrochitina sp. 1 

Ancyrochitina sp. 2 

Ancyrochitina sp. 3 

?Ancyrochitina sp. 4 

Ancyrochitina sp. 6 

Angochitina devonica Eisenack 


Angochitina mourai Lange 

Angochitina (Ramochitina) ramosi (Sommer and van Boeke?) 
Hoegisphaera glabra Staplin 

Sphaerochitina pilosa Collinson and Scott 
Sphaerochitina schwalbi Collinson and Scott 


Sphaerochitina sp. 1 


The following species .are common to SE/10-1 well, and 
UC/19-2A well: 
Ancyrocnitina sp. 5 


. capillata Eisenack 


. bifurcata Collinson and Schwalb 


Angochitina sp. cf. 


> |> 


Angochitina sp. cf. A 
Angochitina sp. 1 
Angochitina sp. 2 


Sphaerochitina sp. 2 
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Figure 8. Range Chart of the Chitinozoa Species from the Atiavi-1 Well. 
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Sphaerochitina sp. 3 


Chitinozoan type A 


The following species are common to UC/19-2A well, and A-1 


Ancyrochitina sp. cf. A. gumersinda Cramer 
Angochitina sp. 4 
?Conechitina sp. 3 


?Conochitina sp. 5 


The following species are common to SE/10-1 well and A-1 


Ancyrochitina sp. cf. A. desmea Eisenack 
Lagenochitina amottensis Grignani and Mantovani 
Chitinozoan type B 


Chitinozoan type © 


The following species are restricted to SE/10-1 well: 
Ancyrochitina sp. 7 

Angochitina comosa Taucourdeau and Jekhowsky 
Angochitina sp. cf. A. crumena Taugourdeau 

Angochitina (Ramochitina) magnifica (Lange) 

Desmochitina sp. 1 
_Fungochitina sp. cf. F. pistilliformis lata Taugourdeau and 

Jekhowsky 

Rhabdochitina sp. cf. R. magna Eisenack 


Rhabdochitina sp. cf. R. claviformis Taugourdeau 
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CHITINOZOA SPECIES 


UNION CARBIDE 


SIGNAL EXPLORATION 
GHANA 10-1 WELL 
GHANA 19-2A WELL 


DEVELOPMENT COMPANY 


ATIAVI-1 WELL 


Alpenachttina etsenackt Dunn & Miller 


? Alpenachttina sp. 1 

Aneyrochtitina sp. cf. A. ancyrea Eisenack 
Aneyrochtitina strtata Taugourdeau 

Ancyrochttina sp. cf. A. cornigera Coll. & Scott 
Aneyrochttina langet Sommer & van Boekel 


Aneyrochttina ef. A, gumersinda Cramer 
_Aneyrochttina tomentosa Taug. & Jekh, 


Aneyrochttina sp. cf. A. spinosa Eisenack 
Aneyrochitina sp. ef. A. desmea Eisenack 
Ancyrochitina tumida Taug. & Jekh. 
Aneyrochttina sp. cf. A. sp. Jansonius 


? Ancyrochttina sp. cf. A. aequoris Urban & Kline 
Aneyrochttina sp. 1 


Aneyrochttina sp. 2 
Aneurochttina sp. 3 

? Aneyrochttina sp. ¢ 
Anecyrochttina sp. 5 
Aneyrochttina sp. 6 
Aneyrochttina sp. 7 
Angochtitina devonica Eisenack 

Angochitina sp. cf. A. devonica Eisenack 
Angochitina callawayensts Urban & Kline 

Angochitina mourai Lange 

Angochttina (Ramochitina) ramost Sommer & van Boekel 
Angochttina (Ramochtitina) magnifica Lange 
Angochttina sp. ef. A. capillata_ Eisenack 
Angochitina sp. cf. A. bifureata Coll. & Schwalb 
Angochttina sp. ef. A. crwnena Taugourdeau 
Angochttina sp. cf. A. longtcolla Eisenack 
Angochttina comosa Taug. & Jekh. 
Angochitina sp. 1 
Angochitina sp. 2 
Angochttina sp. 3 
Angochtitina sp. 4 
Cladochttina varispinosa Lange 
? Conochitina sp. 1 

? Conochiting sp, 2 

2? Conochitina sp. 3 

? Conochttina sp. 4 

2? Conochttina sp. 6 
Desmochitina sp. 1 
Eisenachttina sp. 1 : 
Fungochttina sp. cf. F. pistilliformis lata Taug. & Jekh. 
Fungochitina longicollis Taug. & Jekh. 
Fungochttina sp. 1 

Hoegishaera glabra Staplin 
Lagenochitina_amottensis Grig. & Mantovani_ 
Lagenochitina sp. 1 

Lagenochttina sp. é 

Rhabdochitina sp. cf. R. magna Etsenack 
Rhabdochitina sp. claviformis \augourdeau 
Rhabdochttina sp. 1 


erochitina pilosa Coll. & Scott 
Sphaerochitina schwalbt COllMSESCOEt 


Sphaerochitina brevispinosa Grig. & Mantovani 
Sphaerochitina sphaerocephala E\senac 
Sphaerochitina cuvtlliert Taugourdeau 


Sphaerochitina sp. 1 


Sphaerochitina sp. 2 
Sphaerochitina sp. 3 


Urochitina sp. ae U. bastosi van Boekel 
Chitinozoa type 

Chitinozoa type B 
Chitinozoa type C 
Chitinozoa type D 
Chitinozoa type E 
Chitinozoa type F 
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Table 2. Comparative Distribution of the Chitinozoa Species from the Various Wells Studied. 
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Sphaerochitina brevispinosa Grignani and Mantovani 
Sphaerochitina sphaerocephala Eisenack 


SE ER NERNEY 


Sphaerochitina cuvillieri Taugourdeau 


Urochitina sp. cf. U. bastosi van Boekel 


Chitinozoan type D 


Chitinozoan type E 


The following species are restricted to UC/19-2A well: 
?Conochitina sp. 1 

?Conochitina sp. 2 

?Conochitina sp. 4 

Fungochitina longocollis Taugourdeau and Jekhowsky 
Lagenochitina sp, 1 


Rhabdochitina sp. 1 


The following species are restricted to A-1 well: 
?Ancyrochitina sp. cf. A. aequoris Urban and Kline 
Angochitina sp. cf. A. devonica Eisenack 
Angochitina callawayensis Urban and Kline 


Angochitina sp. 5 


Eisenachitina sp. 1 
Lagenochitina sp. 2 


Chitinozoan type E 
Acritarch Distribution and Comparison 


A total of 37 acritarch Species were observed from the three 


wells studied. With the exception of a few acritarch species which appear 
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Range Chart of the Acritarcha Species from the Signal Exploration and Development Company 


10-1 Well, General Distribution of Spores, Relationships of Association between Observed 


Number of Chitinozoa Species and Acritarcha Species, and Summary of Paleoecology. 
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to be restricted to a single well the rest of the acritarch species 
occur common to all three wells (Table 3). Figures 9, 10, and 11 show 
the distribution of the acritarchs in relation to the chitinozoans and 


the spores in the SE/10-1 well, UC/19-2A well and A-1 well, respectively. 


The following acritarch species are common to all three 
wells: 

Ammonidium sp. 1 

Ammonidium sp. 2 

Crameria pharoanis pharoanis (Deunff) Jardiné et al. 

Evittia granulatispinosum (Downie) Lister 

Evittia remota (Deunff) Lister 

Micrhystridium stellatum Deflandre 

Multiplicisphaeridium ramusculosum (Deflandre) Lister 

Multiplicisphaeridium arbusculiferum (Downie) Staplin et al. 

?Cymatiosphaera spp. 

Veryhachium trispinosum (Eisenack) Cramer 

Veryhachium europaeum Stockmans and Williére (Cramer) 

Veryhachium stelligerum Deuntf 

Veryhachium lairdi (Deflandre) Deunff 

Veryhachium sp. cf. V. lairdi (Deflandre) Deunff 

Veryhachium pastoris Deunff 

Veryhachium rabiosum Cramer, restricted 

Fs taastrar Spot 


Stellinium octoaster (Staplin) Jardiné et al. 


Pterospermopsis sp. 1 
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Viliferites tenuimarginatus Brito 

Leiofusa sp. 1 

Navifusa brasiliensis (Brito and Santos) Combaz et al. 
Navifusa eisenacki (Brito and Santos) Combaz et al, 
Maranhites brasiliensis Form A (Brito) Daemon et al, 
Maranhites brasiliensis Form P (Brito) Daemon et al. 
Triangulina alargada Cramer 

Tunisphaeridium caudatum Deunff and Evitt 
Tunisphaeridium concentricum Deunff and Evitt 


Most of these species occur commonly to abundantly. Tri- 
angulina alargada and Pterospermopsis sp. 1 eccur rather sparingly. 

The foilowing species was observed from SE/10-1 well, and 
UC/19-2A well, but jis rare: 


Umbetlasphaeridium saharicum Jardine et al. 


he following species are restricted to SE/10-i well: 
?Leiofusa sp. 2 


Forma H 


The following Species are restricted to A-1 well: 
Leiofusa fastidiona Cramer 


Forma G 


Spore Distribution and Comparison 


Spores dominate the microfossil assemblage in all the three 
wells studied. The spores are very varied and.are represented by pseudo- 


saccate types, sculptured types which include grana, coni, spines, ba- 
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Relationships of Association between Observed Number of Chitinozoa Species and Acritarcha 


Figure 11. Range Chart of the Acritarcha Species from the Atiavi-] Well, General Distribution of Spores, 
Species, and Summary of Paleoecology. 
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culae, muri (on both distal and proximal poles, or restricted to distal 
pole), and forms with biform, spine-like processes, spores with ribbed 
structures on the proximal pole, and unsculptured types which include 
laevigate, and retusoid forms. The amount of spore diversity and 
abundance increases eastward, i.e., the spore assemblage is relatively 
poor in the SE/10-1 well in the west, good in UC/19=-1 well, and excel- 
lent in the A-1 well. 

Distinct spore zonation occurs in both wells. In the con- 
tinental facies overlying the marine facies in both wells (Figs. 9, 10, 
11) sculptured spores, such as Reticulatisporites, Convolutispora, Con- 
verrucosisporites, Raistrickia ,Archaeozonotriletes, Stenozonotriletes, 
Ancyrospora, Hystricosporites, and various densossores dominate the 
Spore assemblage. The pseudosaccates are very rare in the above sec- 


tions. In the marine sections of both weils, Hymenozonotriletes, Gran- 


dispora, Calyptosporites, Auroraspora occur in association with Emphani- 
sporites, Retusotriletes, Apiculiretusispora, Spinozonotriletes, Api- 
culatispora, Edosporites, Biharisporites, Samarisporites, Corystisporites, 


Rhabdosporites, Leiotriletes and various others. 


Tasmanites and Leiospheres 


These microfossils occur commonly to abundantly in the marine 
sections of both wells. This group is particularly abundant in the lower 
section of the SE/10-1 well. Tasmanites and Leiospheres appear to have 


little stratigraphic value. 


Scolecodonts 


Scolecodonts occur commonly in the marine sections of both 
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WELL NUMBER 


AND 
DEVELOPMENT COMPANY 
UNION CARBIDE 


GHANA 19-2A WELL 


ACRITARCHA SPECIES 


SIGNAL EXPLORATION 
GHANA 10-1] WELL 


Ammonidium sp.1 
Ammonidium sp. 2 
Ammontdium sp. 3 
Crameria pharoants pharoants (Deunff) Jardiné et al. 
Evtttta granulattsptnosa (Downie)Lister 

Evittta remota (Deunff)Lister 

Botttia sp. 1 

? Evitttta sp.2 

Mierhystridium stellatum Deflandre 
Multipltictsphaertdium ramusculosum (Defl.)Lister 


Multipltetsphaertdiun arbuscultferum (Downie)Staplin et al. 
Veryhachtum trisptnosun (Eis.)Cramer 
Veryhachtum europaeum (Stock. & Will.)Cramer 
Veryhachtum stelligerum Deflandre 
Veryhachtum latrdt (Defl.)Deunff 

Veryhachtum sp. cf. V. latrdt (Defl.)Deunff 
Veryhachtum pastorts Deunff 

Veryhachtum rabtosum Cramer 

Esttastra sp. 1 

Stellintum octoaste aplin) Jardine et a 
Pterospermopsts sp. 1 
Pterospermopsts sp.2 

Viltiferites tenutmarginatus Brito 
? Cymattosphaera spp. 

Letofusa sp. 1 

? Letofusa sp.2 

Navifusa brasiliensis (Brito & Santoa)Combaz et al. 
Navifusa etsenacki (Brito & Santos)Combaz et al. 
Maranhites brasiliensis Form A (Brito)Daemon et al. 
Maranhites brasiliensis Form P (Brito)Daemon et al. 
Triangulina alargada Cramer 
Tuntsphaeridtwn caudatum Deunff & Evitt 
Tuntsphaertdium coneentricum Deunff & Evitt 
Umbelltsphaertdtum sahartcum Jardine et al. 
Umbellisphaeridium sp. ef. U. sahartcum Jardiné et al. 
Forma G 

FormasHiaee 2 ees! 
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Table 3. Comparative Distribution of the Acritarcha Species from the Various Wells Studied. 
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wells. Their distribution in various horizons of the wells appears 
sporadic. This group occurs more commonly in the UC/19-2A well and the 


A-1 well to the east. 


att bins 1 Tow Aseria Sui nt ‘vine 


*, oe 
ms 
at 
r} 
ae, 
pal 
i 
. 
~~ , 
. 
4 


pests 2Tlow sdf. 90, ios 2/6 


. ’ } oy 
a = 
. 
* = 
ry 
" 
~ oe / 
i. a 
, 
ah, “ 
cs 
oy 
i 
es ime aes 
i, be a 
i 
> 


“ * 
i ’ 
w PO 
t. 
% 
‘ 
4, 
1 + 
is 
oS 


» 
i 
oe ms 
: i % 
ine “ 
- bas . = 
* J 
* 
. 
=~ 
ry co 
; 
i n 
1 
F e 
’ 
Se _ 
= . * 
= 
, me 


Pie oh 


Me et a’ Sal 


cet 


CHAPTER VY 


CHITINOZOA: ZONATION, CORRELATION, AND AGE 


Provisional chitinozoan Zonation and Correlation 

The importance of the Chitinozoa for biostratigraphic 
studies has been recognised only within the last few years. In my 
attempt to use this group of microfossils for subdividing Devonian 
sediments on the shelf and coastal region of Ghana two major problems 
have been encountered: (a) overlaps occur in the ranges of several of 
the species from various wells, (b) regional differences occur in the 
stratigraphic range of each of several widely known Chitinozoa species 
which were also observed in Ghana but were not necessarily coincident 
with those of 8razil and elsewhere. 

The most diaqnostic and the most abundant chitinozoans 
observed from the wells are similar, however, Chitinozoa zonation is 
not readily apparent in any of the wells, several overlaps occur in the 
ranges of diagnostic species. In addition to this problem, there is 
distinct variation in the number of diagnostic species observed from 
the various wells. For example, Angochitina (Ramochitina) ramosi 
Sommer and van Boekel occurs more commonly in the A-1 well in the 
eee: part of Ghana than in the SE/10-1 well in the west; Spaerochitina 
pilosa Collinson and Scott and Sphaerochitina schwalbi Collinson and 
Scott occur at higher interval in the SE/10-1 well in the west than in 
the UC/19-2A well and A-1 well in the east. 

Appart from these local anomalies in the distribution of the 


Chitinozoa, reaional differences in stratigraphic ranges of various 
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species of Chitinozoa are common. For example, Angochitina mourai Lange 
which forms an important component of the Ghanaian Chitinozoa assemblage 
is restricted to the Upper Devonian (Frasnian) in the Parana Basin, 

Brazil (Lange, 1967), whereas in the Amazon Basin, Brazil, the same 
species occurs in the Upper and Middle Devonian (Lange, 1967), as well 

as in the Lower Silurian (Costa, 1971). Angochitina (Ramochitina) ‘maani- 
fica Lange is restricted to the Lower Devonian in Brazil (Lange, op cit.; 
Costa, op cit.), yet the species was observed associated with distinctive 
Middle Devonian elements in Ghana. Ancyrochitina striata Taugourdeau 
which occurs commonly in Ghana is restricted to the Upper Devonian 
(Famennian) in the Sahara, North Africa (Taugourdeau, 1963) but the same 
species has been observed from the Middle Devonian in Brazil (Costa, 1971). 
Examples of different stratigraphic ranges of several species of Chitin- 
ozoa are numerous in the Devonian of North Africa, North America and 

South America (see Table 4). 

The variation in the local distribution of some chitinozoans 
observed in Ghana may be related to local ecologic control of the organisms 
or water-mass effect. A death assemblage of organisms (thanotocoenosis) 
as components of sediments are distributed according to.basin topography 
and current patterns, as such, the concentration of a particular fossil 
aroup in different parts of a basin may not necessarily reflect ecologic 
control of the organisms. The poor quality of samples (cutting samples) 
which were used in this project may have to a large extent, obscured the 
ranges of the various chitinozoan species. 

Because of the above problems in Chitinozoa biostratigraphy, 
Chitinozoa zonation and correlation based on assemblages appear more 


| meaningful and practical than paying too close attention to diagnostic 
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species ranges in localized areas. This approach has been followed in 
this work. 

On the basis of the overall distribution pattern of the 
Chitinozoa in the various wells studies, four tentative "Chitinozoa 
\ssemblage Zones" have been proposed for the Devonian sediments on the 
shelf and coastal region of Ghana as follows (in descending order): 

"Zone D": Angochitina mourai Assemblage Zone 

"Zone C"; Angochitina devonica-Angochitina (Ramochitina) 

ramosi Assemblage Zone 

"Zone B": Cladochitina varispinosa Assemblage Zone 

"Zone A": Ancyrocnitina sp. 6 Assemblage Zone 

Because of the problems in the variation in the distribution 
of some chitinozoan species in the various wells, and overlap in the 
ranges of several veges Ee species, the zones west of the UC/19-2A 
well are described as "Western Chitinozoa Assemblage Zones" defined by 
the Chitinozoa assemblage in the SE/10-1 well, and the zones east of 
the UC/19-2A well are described as "Eastern Chitinozoa Assemblage Zones" 
defined by the Chitinozoa assemblage in the A-1 well. The purpose of 


this is to establish a biostratigraphic framework which.can be readily 


applied to wells in specific areas onshore and offshore Ghana. 


Zone D": Angochitina mourai Assemblage Zone 
This zone is characterized by the occurrence of Angocnitina 


mourai in association with other chitinozoan species in the various 
wells. Angochitina mourai, however, occurs in the lower zones in 


the wells, some of which may represent downhole cuttings contamination. 
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The upper limit of the zone is the first entry (into the drilling sam- 
ples) of A. mourai which also marks the upper boundary of the distinct 
marine sediments in the wells. The lower limit of the zone used for this 
thesis is the first entry of Ancyrochitina spp. 

In the SE/10-1 well ("Western Chitinozoa Assemblage Zones"), 
Zone D is characterized by the following Chitinozoan species: 

Angochitina mourai Lange 

Angochitina sp. cf. A. crumena Taugourdeau 

Angochitina sp. cf. A. comosa Taugourdeau and dekhowsky 

Angochitina comosa Taugourdeau and Jekhowsky 


Angochitina sp. 2 


Lagenochitina amottensis Grignani and Mantovani 


Sphaerochitina brevispinosa Grignani and Mantovani 


These species were recovered from a sandy interval underlying the upper- 
most marine shaly section. A few specimens of the species were also ob- 
served between 8,100-8,150 feet depth. The lower limit of Zone D is 
at 8,220 feet depth which marks the entry of Ancyrochitina spp. 

In the UC/19-2A well, some poorly preserved specimens of 
A. mourai were found between 8,000-8,260 feet depth of the well. One 
specimen of Chitinozoan type Awas observed within the above intervah and 
some specimens of Angochitina devonica were also found in the basal part 
of the zone. The first entry of Ancyrochitina spp. is at 8,260 feet 
depth which marks the lower limit of Zone D. 

In the A-1 well ("Eastern Chitinozoa Assemblage Zones") 
the first entry of A. mourai is at 4,000 feet depth in the well associ- 
ated with Chitinozoan type F and an abundant Spore assemblage. At 4,030 


feet in the well, however, the following species occur: 
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Angochitina mourai Lange 

Hoegisphaera_ glabra Staplin 

Lagenocnitina sp. 2 

Chitinozoan type E 

These species occur at lower horizons as well but the first 
entry of Ancyrochitina spp. is at 4,160 feet deep which marks the lower 


boundary of Zone D. 


"Zone C':  Angochitina_devonica~Angochitina (Ramochitina) ramosi Assem- 


blage Zone 


This zone carried most of the chitinozoan snecies which 
occur commonly in all the three wells but most of which are also "long- 
ranging". The zone is very well defined in all the three wells. The 
following species are characteristic of the zone and are present in 
-all the wells: 

Angochitina devonica Eisenack 

Angochitina (Ramochitina) ramosi (Sommer and van Boekel) 

Ancyrochitina sp. cf. A. ancyrea Eisenack 

Ancyrochitina striata Taugourdeau 

Ancyrochitina tomentosa Taugourdeau and Jekhowsky 

Ancyrochitina langei Sommer and van Boekel 

Ancyrochitina sp. cf. A. sp. Jansonius 

Ancyrochitina sp. cf. A. cornigera Collinson and Scott 

Ancyrochitina sp. 1 

Ancyrochitina sp. 2 

Ancyrochitina sp. 3 

?Ancyrochitina sp. 4 
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Zonation and Correlation. 


Figure 12, Chitinozoan 


Alpenachitina eisenacki Dunn and Miller 
Hoegisphaera glabra Staplin 

Sphaerochitina pilosa Collinson and Scott 
Sphaerochitina schwalbi Collinson and Scott 


In the SE/10-1 well, A. devonica occurs more frequently 


than in the other two wells. Angochitina (Ramochitina) ramosi is very 


rare with only a few specimens observed at the base of the zone at 8,450 
feet depth. A large population of A. devonica occurs between 8,300-8,500 
feet associated with the following Chitinozoa species: 

Sphaerochitina sp. 1 

Sphaerochitina sp. 2 

Sphaerochitina sp. 3 

pReinerenn type A 


Chitinozoan type B 


The above species, except for S. sp. 1 occur restricted to 
the upper section of Zone C at 8,220-8,300 feet depth. The lower limit 
of the zone at 8,500 feet is marked by the first entry of Cladochitina 
varispinosa. 

In the UC/19-2A well, A. devonica was observed between 
8,230-8,500 feet in the well. Angochitina (Ramochitina) ramosi occurs 
restricted between 8,290-8,500 feet. With the exception of a few spe- 
cies of Ancyrochitina striata at the base of the well at 9,010 feet, 
most of the specimens of A. striata occur restricted between 8,250-8,400 
feet. Ancyrochitina sp. cf. A. sp. Jansonius is better developed in 
this well than the two other wells with the occurrence restricted between 


8,280-8,400 feet depth. The lower limit of Zone c is at 8,500 feet depth 
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marked by the disappearance of Angochitina (Ramochitina) ramosi and the 
first entry of Cladochitina varispinosa. 

In the A-1 well, the first entries of Angochitina devonica 
and Angochitina (Ramochitina) ramosi is at about 4,160 feet depth. An- 
gochitina (Ramochitina) ramosi is better developed in this well thanin the 
two other wells with the occurrence extending to the base of the well. 
This species occurs abundantly at about 4,265 feet depth. Angochitina 
devonica is better developed at a lower horizon in Zone g in the well. 
However, some varieties of A. devonica (Angochitina sp. cf. A. devonica) 


occur restricted to the upper limit of Zone ¢. The most diagnostic 


Species of this zone is Angochitina callawayensis restricted to between 
4,160-4,275 feet depth in the well. Ancyrochitina striata also occurs 
commonly in this zone at 4,160 feet. This zone also carries Cladochitina 
varispinosa which is very diagnostic of Zone B in the UC/19-2A well. The 
lower limit of Zone C of A-1 well is subjective, but is placed just above 
4,470 feet in the well by the first entry of Sphaerochitina sp. 1 which 


is one of the most diagnostic species in Zone B in both UC/19-2A well and 


SE/10-1 well. 


“Zone B': Cladochitina varispinosa Assemblage Zone 

This zone contains most of the species observed in Zone ¢. 
The upper limit of the zone is marked by the first entry of Cladochitina 
varispinosa at 8,500 feet in UC/19-2A well and at the same depth of 
8,500 feet in SE/10-1 well in the west. As indicated previously, this 
species was observed at higher levels in Zone C in A-1 well in the 


east. 
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In the "Western Chitinozoa Assemblage Zone", Zone B is 
characterized by the following species together with most of the species 
listed in Zone C, as follows: 

Ancyrochitina sp. cf. A. desmea Eisenack 

Ancyrochitina tumida Taugourdeau and Jekhowsky 

Ancyrochitina sp. 5 

Ancyrochitina sp. 7 

Angochitina sp. 1 

Angochitina (Ramochitina) magnifica (Lange) 

Angochitina sp. cf. A. longicolla Eisenack 

Fungochitina sp. cf. A. pistilliformis lata Taugourdeau and 

Jekhowsky 


Rhabdochitina sp. cf. R. magna Eisenack 

Sphaerochitina sp. 1 

Chitinozoan type C 
Severa! of the above species are, however, rare in the zone with only 
one or a few specimens observed. Cladochitina varispinosa was also 
observed at the base of the well at 9,050 feet depth. The lower limit 
of Zone B in SE/10-1 well was put at 9,000 feet in the well by the sig- 
nificant occurrence of Ancyrochitina sp. 6. A single specimen of this 
species was, however, observed in Zone ¢ at 8,450 feet in the well. 

In the UC/19-2A well, Cladochitina varispinosa is very 
abundant. Like the occurrence of this species in the SE/10-1 well, 
this species was also found in the lower section of the UC/19-2A well. 
Sphaerochitina pilosa, Sphaerochitina schwalbi, and Sphaerochitina sp. 
1 are very well developed in this zone, though they occur commonly in 


Zone C of SE/10-1 well to the west. Zone Bof UC/19-2A well has in com- 
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Alpenachitina eitsenacki Dunn & MiTTer MD MD MD 
incurochitina sp. of A. anayredETsenack S310; aD 
Ancyrochitina striata Taugourdeau UD MD 
Aneyrochitina langet Sommer & van Boekel MD MD 
Ancyrochitina sp. cf. A. cornigera Coll. & Scott MD MD 
Aneyrochitina sp. ef. A. gunersinda Cramer 
Ancyrochitina tomentosa Taug. & Jekh. LS;MD;UD MD 
Aneyrochitina sp. cf. A. spinosa Eisenack MD; UD Ip MD 
Aneyrochitina sp. ef. A. desmea ETsenack MD MD 
Ancyrochitina tumida Taug. & Jekh. LD;MD; UD MD MD 
Aneyrochitina sp. cf. A. sp. Jansontus UD 
? Aneyrochitina sp. oe A. aequoris Urban & Kline MD 
Angochitina devonica Eisenack LD;MD:UD LD;MD MD 
Angochitina callawayensis Urban & Kline Kp 
Angochitina sp. af A. capillata Etsenack UD LD;MD;UD MD 
Angochitina mourat Lange UD LS;MD;UD MD 
Angochttina (Ramochitina) ramost Sommer & van Boekel LD;MD 
Angochitina (Ramochitina) magnifica Lange LD 
Angochitina comosa Taug. & Jekh. LD; UD 
Angochitina sp. ef. A. erumena Taugourdeau LD;UD Ls 
Angochitinasp. cf. A. bifureata Toll. & Schwalb ia MD LD 
Angochitina sp. cf. A. longicolla Eisenack S ‘ 
Cladochitina varispinosa Lange MD 
Fungochitina sp. ef. F. pistillifopmis lata Taug. & S;LD;MD;UD 
Fungochitina longtcollis aug. & Jekh. LD 
Hoegisphaera glabra Staplin ; MD; UD 
Lagenochttina amottensis Grig. & Mantovani MD; UD __MD 
Sphaerochitina pilosa Coll. & Scott $3 UD MD 
Sphaerochitina schwalbi Coll. & Scott a ; MD 
Sphaerochitina sp. cf. S. brevispinosa Grig. & Mantovani MD;UD 
Sphaerochitina sphaerocephala —isenack MD;UD LS 
Sphaerochitina. sp. cf. 3. cuvillieri Taugourdeau UD LD;MD 
Urochitina sp. ef. U. bastost van Boekel MD 


Table 4. Comparative Distribution and Age of the Chitinozoa Species from Ghana Conspecific with or similar to Recorded Forms in Various 


Chitinozoa Assemblage Suites. (Symbols: LS - Lower Silurian; S - Silurian; LD - Lower Devonian; MD - Middle Devonian; 


UD - Upper Devonian). Note: Ancyrochitina gumersinda Cramer described from Emsian, NW Spain,Cramer (1964), 
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Sp. 1 which are absent in A-1 well in the east. The lower limit of 
Zone B in UC/19-2A well is put at the first entry of Ancyrochitina 
Sp. 6 at 8,880 feet depth. 

In A-1 well, Zone PAG poorly defined, since the diagnostic 


species, Cladochitina varispinosa was observed at higher horizon in 


Zone C. However, like UC/19-2A well, Sphaerochitina pilosa and Sphaero- 
chitina schwalbi are well represented in this zone. Zone B of A-1 well 
further correlates with SE/10-1 well through the occurrence of Ancyro- 
chitina sp. cf. A. desmea in the zone. New entries of diagnostic chi- 
tinozoan species in this zone are as follows: 
?Ancyrochitina sp. cf. A. aequoris Urban and Kline 
?Conochitina sp. 5 | 
Chitinozoan type B 
The lower limit of this zone in this well was tentatively 


put at about 4,900 feet depth in the well. 


"Zone A": Ancyrochitina sp. 6 Assemblage Zone 


This zone is distinctive in UC/19-2A well but lacks defi- 
nition westward in SE/10-1 well and eastward in A-1 well. Several of 
the chitinozoan species which occur at higher horizons were also observed 
in this zone. 

In the SE/10-1 well, the only new entry is Chitinozoan type D 
associated with "long-ranging" species. 

In the UC/19-2A well, Ancyrochitina sp, 6 occurs commonly in 
association with Ancyrochitina sp. cf. A. gumersinda, and "long-ranging" 
species. The following new entries are restricted at the base of the 


well but are very rare with only single specimens observed: 
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Fungochitina longicollis Taugourdeau and Jekhowsky 

Rhabdochitina sp. 1 

In A-1 well only two specimens of Ancyrochitina sp. 6 were 
observed with one of the specimens occurring within Zone B at about 
4,750 feet depth and the other at the base of the well at 5,000 feet. 
The only new entry isChitinozoan type C which occurs at the base of the 
well. ?Ancyrochitina sp. cf. A. aequoris occurs abundantly at the base 
of the well together with other "long-ranging" species. 

Chitinozoa zonation and correlation of the three wells stu- 


died is indicated in Figure 12. 
Regional Chitinozoan Correlation and Age 


Thirty-four of the 68 Chitinozoa species observed from Ghana, 
West Africa are conspecific with cr similar to several Chitinozoa species 
described or reported from various localities in Europe, North Africa, 
South America, and North America. Characteristics in similarities or 
variation of the Ghanaian specimens with specimens from various localities 
are discussed in the Systematic Descriptions in Chapter Nine. 

On broad stratigraphic ranges of these species, 4 are long- 
ranging and have been reported from the Ordovician, Silurian, and Devonian; 
12 from the Silurian to Devonian; and 18 appear to be restricted to the 
Devonian. | 

The following species have been recorded from Ordovician, 
Silurian and Devonian sediments: 


Ancyrochitina sp. cf. A. ancyrea Eisenack 


——_—_._ 


Angochitina sp. cf. A. capiliata Eisenack 
Hoegisphaera glabra Staplin 


Rhabdochitina sp. cf. R. magna Eisenack 
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Ancyrochitina sp. cf. A, ancyrea A. sp. cf. A. capillata, and H. glabra 
form important components in the Ghanaian assemblage. Only a single 
Specimen of R. sp. cf. R. magna was observed. 

The following species have been reported from the Silurian 
and Devonian: 

Ancyrochitina tomentosa Peinguidear and Jekhowsky 

Ancyrochitina tumida Taugourdeau and Jekhowsky 

Ancyrochitina sp. cf. A. desmea Eisenack 

Angochitina devonica Eisenack 

Angochitina mourai Lange 


Angochitina sp. cf. A. crumena Taugourdeau 
Angochitina sp. cf. A. longicolla Eisenack 


Fungochitina sp. cf. F. pistilliformis lata Taugourdeau 


and Jekowsky 

Sphaerochitina sphaerocephala Eisenack 

Sphaerochitina pilosa Collinson and Scott 

Rhabdochitina sp. cf. R. claviformis Taugourdeau 
With the exception of F. sp. cf. F. pistilliformis lata, A. longicoila, 
and R. sp. cf. R. claviformis, of whichsingle specimens were observed, 
the rest of the species occur fairly commonly to abundantly in the Gha- 
naian chitinozoan assemblage. 

The following species have been reported only froin the Lower 
Devonian: 

Ancyrochitina sp. cf. A. gumersinda Cramer 

Angochitina (Ramochitina) magnifica (Lange) 

Fungochitina longicollis Taugourdeau and Jekhowsky Ancyro- . 
chitina sp. cf. A. gumersinda occurs fairly commonly but only single 
specimens of A(R). magnifica, and F. longicollis were observed. 
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The following species have been recorded from the Lower and 
Middle Devonian: 


Angochitina sp. cf. A. bifurcata Collinson and Schwalb 


Angochitina (Ramochitina) ramosi (Sommer and van Boekel) 


Angochitina (Ramochitina) ramosi occurs commonly to abundantly in the 


various wells, A. sp. cf. A. bifurcata is generally rare. 


The following species have been reported from the Lower to 


Upper Devonian: 
Angochitina comosa Taugourdeau and Jekhowsky 
sphaerechitina sp. cf. S. cuvillieri Taugourdeau 


Only a few specimens of these species were observed from Ghana. 


The following species are restricted to the 
Middle Devonian: | 
Alpenachitina eisenacki Dunn and Miller 
Ancyrochitina sp. cf. A. cornigera Collinson and Scott 


Ancyrochitina langei Sommer and van Boekel 
?Ancyrochitina sp. cf. A. aequoris Urban and Kline 
Angochitina callawayensis Urban and Kiine 
Cladochitina varispinosa Lange 
Sphaerochitina schwalbi Collinson and Scott 
Urochitina sp. cf. U. bastosi van Boekel 

All the above species, except U. sp. cf. U. bastosi occur commonly 


to abundantly in the Ghanaian assemblage. 


‘The following species have been reported from the Middle and/or 


Upper Devonian: 
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Ancyrochitina striata Taugourdeau 
Ancyrochitina sp. cf. A. sp. Jansonius 
Lagenochitina amottensis Grignani and Mantovani 


Sphaerochitina brevispinosa Grignani and Mantovani 


Ancyrochitina striata and A. sp. cf. A. sp. Jansonius occur commonly to 
abundantly; L. amottensis and S. sp. cf. S. brevispinosa are rare. 

Table 4 is a summary of comparative distribution and age of 
the chitinozoan species which occur common to Ghana and various chitino- 
zoan assemblage suites in North Africa, South America, and North America. 
The chitinozoan assemblages from these regions are more closely related 
to the Ghanaian assemblage, and almost all the species have been reported 
from the Devonian. As an attempt to suggest a more specific age for 
the Ghanaian chitinozoan assemblage, the distribution of some of the most 
diagnostic chitinozoan species in the various "zones" proposed for the 
wells are discussed. 

Ancyrochitina tomentosa occurs in Zones A, B, and C of all 
the wells, except in the A-1 well in which the species was not observed 
from the lower section of the well. This species has been described 
from the Lower Silurian to Middle Devonian in the Sahara (Taugourdeau 
and Jekhowsky, 1960). The species has also been reported from the Lower 
Devonian in the Moesian Platform, Romania (Beju, 1967). In Zone A of 


the UC/19-2A well, Ancyrochitina sp. cf. A. guinersinda described from 


the Lower Devonian of NW Spain (Cramer, 1964), occurs commonly. Ango- 
chitina (Ramochitina) ramosi occurs commonly to abundantly in the A-1 
well ranging from Zone.C to Zone A of the well. This species is diag- 
nostic of the Lower to Middle Devonian of Brazil (Sommer and van Boekel, 


1965; Lange, 1967; Costa, 1971). In the SE/10-1 well, a single specimen 
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of another diagnostic Brazilian species restricted to the Lower Devonian-- 
Angochitina (Ramochitina) magnifica (Lange, op. cit.; Costa, op. cit.) was 
observed in Zone C of tne well. According te the Ghana Geological Sur- 
vey (pers. comm.) the total depth of the SE/10-1 well was 9,735 feet 

but the lower 670 feet of the samples from the well were not accounted 

for by the company which drilled the well. Because of this, the samples 
from the lower sections of the wells adjacent to SE/10-1 well, i.e. 

SE/10-1 well and SE/13-2 well (Fig. 5) were processed to check on the 
chitinozoan assemblages. The chitinozoan assemblages from the lower sec- 
tions of these two wells are closely similar to Zone A assemblage of the 
SE/10-1 well containing several Ancyrochitina tomentosa. Three specimens 
of Spnaerochitina lucianoi described from the Lower Devonian of the Amazon 
Basin, Brazil by Sommer and van Boekel (1965) weve observed from the inter- 
val 9,450-9,550 feet deep of the SE/13-2 well. On the basis of occur- 
rences of Lower Devonian Chitinozoa species in Zone A of the three wells 
Studied, a Lower Devonian age is proposed for Zone A of the Chitinozoa 
assemblage zones in Ghana. 

Zone B and Zone C of the various wells studied carry. severai 
distinctive Middle Devonian chitinozoan species, as listed previously, 
which have been reported from the Sahara (Taugourdeau and Jekhowsky, 

1960; Taugourdeau, 1962, 1963, 1966), Morocco (Grignani and Mantovani, 
1964), Parana, Amazon and Marennao basins in Brazil (Lange, 1949, 1952, 
1967; Sommer and van Boekel, 1965; da Costa, 1966, 1968, 1971) and vari- 
ous Middle Devonian Formations in North America, (eco Middle Devonian 
Cedar Valley Formation in Illinois (Collinson and Scott, 1958), Middle 
Devonian Cedar Valley Formation in Iowa (Dunn, 1959; Urban, 1972), 


Middle Devonian Cedar City Formation in Missouri (Urban and Kline, 1970), 


~nehroved do id o veiatray ES 
age (di Si etibe0d indie we. 3 ; 


she reni pec ened cn ‘ot " apy 


tag GEN © zap ail 02 Hh e390 gon 9A | 


Lert micou ton s7eH if aN atid men eotame sat ay deer ona snot 


sotynine iit pata to Sau aa | “il i pectin & dint ya 


a? 


5.1 2 flow Bar se ot sane 2am ais % | 
y es ' ; 7 . ute : a ry 
ats no Aasns OF Hoacesoowy’ oT y te 


“392 eatin F ors acys 7 2 mary F dm a8 Tnbsoni its Cia eat 


ane = ' 7 


ao i ir oD 
; ine | Cae 


edt to spntdnodes N anole OF VET IT 7 (teats aE et 


% “oa < é Ns. - 


 phadtseqe serif Fh bf ih ial soot rinse. 


Pe 4 i s * rp 
nosh 97. TO Hh nove 0” “jun d aed - ont saa treo ie : 
i ty 5's ; ; 4 eee ae ; - aa, ours ge, 


susant sit | Hor boyisadn s6W (a ook), fodsoe Wey hn beets’ 
ise. “0 wh eed “Arie WO Sart Sertae at ¥9 seh toni t 
se sta 9 A ee Page : a, i ee ar * A a 
olay seins Sngl to % Sao At tai dan “devon tS) 


in at art ahs eb 7 mi rae ae = as, v a se pete i a 
‘poSonTIT en TOA sHOS sgt ‘bazaqnty, ar B08 ad 


‘i we Bt i ¢ a i Ms a ay Mi veh io ihe t 
ava: vith, b bat wa at fe ay + aperonn odd 0 3 q05 ‘bas anol | 


a oe as ple: ne 


vfauot wong: poder 5 pebtoege iaosgni stay nbhoowa etbbim evi a a 7 

‘potent, “bing usvtriuoedet} ‘eran ait eaertht boriogst raed oe, ei 
“asvgS bas Forse) ease (ie od «S301 usnlbram vst 
ce SIRS A | 


Sear ene! ‘sete (feed nt antand ‘sane bis nossmk. bao of (oaer ” 


ve ot 
~tyav five fixer coe ae te) gb :a0er ‘rake ‘ey bes t pe , 


~ 


wane 


~ 
aed a . Seay 


nbtngved cca e ay it «came vo at znot sounett he. | 
tobi. “4a ¢ Atos bine ¢ ) zront fl. at net dearat ‘ 


ey ha. es i a 
else ined eae, sn gual ot ~<a 


oer anny bas oni) “prune at wat ssmot on bande 


+ 
ba 


and Middie Devonian (Givetian) Hamilton Group in southern Ontario (Le- 
gault, 1971, Unpubl. Ph. D. Thesis, Univ. Oklahoma). Both Eifelian and 
Givetian elements are represented in Zones B and C. 

The distinctive character of Zone D of both wells is the 
dominance of Angochitina mourai. Ancyrochitina spp. are absent in the 
zone. According to Lange (1967), a few specimens of A. mourai occur 
in the Middle Devonian Ereré Formation in the Amazon basin, but in the 
Curua Formation the species is restricted to the Upper Devonian (Fras- 
nian). The species has also been reported restricted to the same stra- 
tigraphic interval (Frasnian) in the Parana basin, Brazil (Lange, op 
cit.), Frasnian in Bolivia (Cousminer, 1964 in Lange op cit.), and the 
Upper Devonian in Morocco (Grignani and Mantovani, 1964). Collinson 
and Scott (1958) reported the species from the Middle Bevonian Cedar 
Valley Formation in Illinois. According to Cesta (1971) the stratigra- 
phic range of the Species is Silurian to Upper Devonian in Brazil, thus 
its occurrences in lower Hones in Ghana is not unexpected. Signi- 
ficantly, in the SE/10-1, well A. mourai occurs in Zone A associated with 
A. comosa, A. sp. cf. A. crumena, L. amottensis, S. sp. cf. S. brevi- 
spinosa.,and'S. sp..cf. S. cuvillieri: Al} theslistedsspecies: have been 
reported from the Upper Devonian in Morocco (Grignani and Mantovani op 
cit.). Furthermore, in the upper sections of Zone C of both UC/19-2A 
well and A-1 eu A. striata occurs most commonly. This species was 
reported restricted to the Famennian in the Sahara (Taugourdeau, 1963) 
though it has also been reported from the Middle Devonian in Brazil 
(Costa, 1971). Ancyrochitina sp. cf. A. sp. Jansonius described by’ 
Jansonius (1967) from the Upper Devonian (Frasnian), Hay River, North- 


west Territories, Canada occurs very commonly, particularly in the upper 
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section of Zone C of UC/19-2A well. Since diagnostic Middle Devonian 
chitinozoan species appear to be absent from Zone A of the Chitinozoa 
Assemblage Zones in Ghana, an Upper Devonian age, probably Frasnian, is 


Suggested for Zone D and possibly the upper section of Zone C. 


In tne UC/19-2A well, some chitinozoan species were observed 
from a thin calcareous sandy shales at 7,060 feet located within a bar- 
ren interval. These species were not observed from the distinct marine 
section of the well and it appears unlikely that they were reworked. 

The occurrence of chteworoans nearer to the upper limit of the Paleo- 
z0ic sediments from the well appears to delimit the sediments to pre- 


Carboniferous age. 
Relations of the Cnitinozoa to the Acritarcha and Spores 


Of a total of 37 acritarch species observed from Ghana, 24 
have been reported from several Silurian and Devonian formations in Europe, 
North Africa, South America and North America. Several of these species 
range from Zone D to Zone A of the Chitinozoa Assemblage Zones in Ghana 

bei a significant number of them occurring also in the terminal acri- 
tarch "zones" of the wells which mark the upper boundary of Paleozoic 
sediments (Figs. 9, 10, 11). Acritarch zonation is not apparent in 
any of the wells studied. 

The most diagnostic of the acritarch species which were ob- 
served from Ghana and have been reported from various localities are as 
follows: 

Crameria pharoanis pharoanis (Deunff) Jaraine etwas This species 
occurs commonly in the SE/10-1 well and the A-1 well. The species 


has been reported from the Emsian to Frasnian or base Eifelian to Fras- 
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nian in the Sahara (Jardine et al., 1972). Crameria pharoanis (Deunff) 
Lister has previously been recorded from various Devonian sediments, 
e.g: Hamilton Group Canada (Deunff, 1955); Frasnian in Belgium (Stock 
mans and Williére, 1962); Emsian to Frasnian in the Sahara (Jardine eu 
aes 1972). 

Evittia granulatispinosa (Downie) Lister occurs commonly in 
the UC/19-2A well and A-1 well. This species has been reported from 
the Wenlock, Shropshire, England (Downie, 1963); Wenlock and Ludlow 
Series, Shropshire (Lister, 1970); Silurian to Devonian in the Piourach 
Region, North Coast (Deunff and Paris, 1972). 

Evittia remota (Deunff) Lister is one cf the dominant com- 
ponents of the acritarch assemblage in the wells studied. The species 
has been reported from various Paleezoic sediments as follows: Devon- 
jan of Canada (Deunff, 1955, 1966); Middle Devonian of Tunisia (Deunff, 
1966); Siegenian to Emsian, NW Spain (Cramer, 1964); Early to Middle 
Devonian of Brazil (Brito, 1965); Emsian to Givetian, Algeria (Jardine 
and Yapaudjian, 1968); Lower Devonian of the Moesian Platform, Romania 
(Beju, 1967 in Lister, 1970); Wenlock to Ludlow Series, Shropshire 
(Lister, 1970); Emsian of the Sahara, Algeria (Jardine et al, 1972). 

Multiplicisphaeridium ramusculosum (Deflandre) Lister, and 
Multiplicisphaeridium arbusculiferum (Downie) Staplin et al. occur com- 
monly in the Ghanaian assemblage. Both species appear to be very cos- 
mopolitan and have been recorded from various Silurian and Devonian sedi- 
ments. Downie (1963) reported both species from the Wenlock Shales, 
Shropshire. Cramer (1964) recorded them from the La Vid Shale (Lower 
Devonian), NW Spain. The species also occurs in the Calcaire D'Angers 


(Emsian) (Moreau~Benoit, 1957); Lower Devonian of the Moesian Platform, 
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Romania (Beju, 1967); Wenlock and Ludlow Serias, Shropshire (Lister, 


1970). 


Tunisphaeridium caudatum Deunff and Evitt, and Tunisphaeri- 


dium concentricum Deunff and Evitt which occur commonly in the Ghanaian 


assemblage have been recorded from the Middle Silurian of New York 
(Deunff and Evitt, 1968). T. caudatum also occurs in the Lower Devonian 
(Gedinian) of Tunisia (Deunff and Evitt, op. cit.) Legault (1971, Unpl. 
Ph.D. Thesis) reported T. concentricum from the Middle Devonian (Givetian) 
Hamilton Group of southern Ontario, Canada. 

Triangulina alargada Cramer occurs sparingly in all the wells. 
In A-1 well this species was observed in the terminal acritarch assemb- 
lage overlying the distinct continental materiai of the well. T. 
alargada was first described from the Lower Devonian (Emsian) in NW 
Spain (Cramer, 1964). Brito (1967) recorded the species from the Devonian 
of Brazil, and Legault (op. cit.) has reported the species from the 
Middle Devonian (Givetian) Hamilton Group of southern Ontario, Canada. 

Umbellasphaeridium saharicum described from the Upper Devonian 
of the Sahara by Jardiné et al. (1972) occurs sparingly in the Ghanaian 
assemblage. | 

Apart from the above listed acritarch species which occur 
commonly in the ee anagen assemblage, several acritarch species which have 
been reported from the Lower to Upper Devonian in Brazil form very impor- 
tant components of the Ghanaian assemblage. These include the following: 

Navifusa brasiliensis (Brito and Santos) Combaz et al. 

Navifusa eisenacki (Brito and Santos) Combaz et al. 

Maranhites brasiliensis Form A (Brito) Daemon et al. 


Maranhites brasiliensis Form P (Brito) Daemon et al. 
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Comparative distribution and age of the diagnostic acritarchs 
species cominon to Ghana, West Africa, and North Africa, South America and 
North America is indicated in Table 5. 

A detailed taxonomy of the spores which occur in the wells 
has not been attempted yet, but the varied spore assemblage as discussed 
previously suggests abundant floristic bloom during the period of the 
sedimentation, and this probably indicates post-Silurian age for the 
sediments. Casual comparison of the spore assemblage from Ghana mith a 
Lower to Upper Devonian (Emsian-Frasnian) spore assemblage described from 
the Parana basin, Brazil (Daemon et al., 1967), and a "probable Middle 
Devonian" spore assemblage ee Hg from Paraguay (Menendez and de Baldis, 
1967) shows several spore species which .are closely similar. Thus, both: 
from the acritarch and spore evidences the Paleozoic sediments from the 
exploratory 071 wells on the shelf and coastal region of Ghana suggest 
a Lower to Upper Devonian age. A detailed taxonomy of the spores will 


probably offer the best clue as to the exact age of the sediments. 
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CHAPTER VI 
PALEQECOLOGY OF THE SEDIMENTS 


Introduction 


Paleoecologic interpretations of sediments based solely 
on the relationship of association between microfossil groups of dif- 
ferent sizes, densities, and morphographic characters may be subjec- 
tive. This is due to selective, destructive action of current, winnow- 
ing, and diagenetic processes on the various microfossil groups, as well 
as different degrees of preservation. The use of samples of poor quali- 
ty, such as cutting samples, may add to the unreliability of paleoecolo- 
gic analysis of the-sediments. 

The objective here is to outline briefly the main paleo- 
environmental changes during the deposition of the sediments. No at- 
tempt is made to discuss in detail the various paleoecologic niches of 
the various microfossil groups, only a broad general outline is indi- 
cated. 

Studies of the Chitinozoa from various sedimentary basins 
by various workers indicate that the group flourished in shallow marine 
waters, especially near the margins of basins during the Ordovician, 
Silurian and nauarian periods. Benthonic, planktonic, pseudoplanktonic | 
mode of life, cr a combination of these in one life cycle has been sug- 


gested for the group. 
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Jenkins (1969) has suggested that generally chitinozoan 
Species are of wide lateral distribution and are affected relatively 
little by minor facies changes. According to him (Jenkins, 1970, p. 11) 
",..within short sequences of either mixed or uniform lithology the 
concentration of chitinozoans in the rock may vary greatly and caprici- 
ously, but the same species are present everywhere and the relative 
abundance of each species remains the same..." Similar observations have 
been reported for chitinozoans from the Middle Devonian Hamilton Group 
in southern Ontario, Canada (Legault, 1971). The writer has indicated 
in the preceding chapter that several species of the Chitinozoa observed 
in Ghana are conspecific in both wells Studied which are located several 
miles apart. Hcwever, chitinozoan zonation is not readily apparent in 
any of the wells. Several species in the lower zones occur in the upper 
zones. Urban and Kline (1970) however, have suggested that a definite 
relationship exists between facies and chitinozoan distribution in 
Middle Devonian limestone sequences in the central United States. 

The acritarchs evolved during the Precambrian and became an 
important group of the plankton during the lower Paleozoic, probably 
continuing as such until the Mesozoic (Downie, 1973). According to 
Downie (op. cit.), the group was probably the largest contributor to 
the biomass during this period, for, in marine sediments from about 
1,000 to 3,000 million years old the acritarchs are found in numbers 
usually between 1,000 to 10,000 per gramme, provided that diagenesis, 
metamorphism, or abrasion has not affected them. 

Apart from a few reported fresh-water acritarchs from the Late 


Permian of the Prince Charles Mountains in the Antarctica (Balme and 
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Playford, 1967), Pleistocene peats of England (Sarjeant and Strachan, 
1968) and Holocene lake deposits o Australia (Harland and Sarjeant, 
1970), all others have been found in marine sediments. 

ones Sediments the acritarchs occur most commonly in 

shales but also occur in a wide variety of carbonates and arenaceous 
periments: Staplin (1961) has shown that three types of acritarchs 

or "growth-forms" have different patterns of distribution with regard 

to Upper Devonian reefs in Alberta, Canada: (1) simple spherical forms 
occur all the way from shales interbedded with reef carbonate. Their 
abundance, however, increases away from the reefs, as do the numbers of 
species. (2) Thin-walled forms are ater widespread but are seldom fond 
within one mile of the reefs. (3) Thick- spined and polyhedral forms 
occur in off-reef strata. 

Smith and Saunders (1969) have indicated that acritarchs 
are confined to depositional areas continuously or intermittently open 
to marine waters and do not occur in fluvial deposits. According to 
these workers, the degree of preservation of the acritarchs reflects the 
depositional environment--forms from deeper open marine sediments are 
generally well preserved, while those in near-shore and transitional 
facies are usually fragmentary and abraded. Current patterns in sedi- 
mentary basins affect the distribution of acritarchs because of their 
planktonic habits and microscopic size. 

In the Sélurian a widespread provincial distribution, 
possibly climatically controlled, has been determined by Cramer (1970 
in Downie, 1973), affecting the continents bounding the Atlantic. Like 
the chitinozoans, the knowledge of the paleoecology of the acritarchs 


is still limited. 
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The scolecodonts are jaw apparatus of marine polychaete 
worms and their presence in ped fights indicates shallow marine condi- 
tions. 

The spores are continental in origin, and their distribu- 
tion in marine waters depends on wind direction as well as current pat- 
terns in the basins. The extent of their diversity and abundance indi- 
cates proximity to shorelines. 

On the basis of the habits and habitats of the above Paleo-~ 
Zoic micro-organisms and their distribution in the various exploratory 
oil wells on the shelf and coastal region of Ghana two main paleoecologic 


conditions are suggested for the sediments from the wells. 


Marine Conditions 


The thicknesses of the marine sections in the three wells 
Studied as well as their microfossil distributions have been discussed. 
The thicknesses of the marine sediments from the three wells decrease 
eastward, chitinozoan diversity decreases eastward, and spore diversity 
and abundance increases eastward. This relationship suggests that the 
Devonian transgression was toward the east in relation to the present 
magnetic pole position. 

A plot of the chitinozoan diversity and the acritarch di- 
versity at various horizons of the marine sections in both wells shows 
somewhat erratic patterns, but there is a general similarity between the 
various plots (Figs. 9, 10, 11). 

Generally, species diversity for both chitinozoans and acri- 
tarchs is lower in sandy sections and higher in shaly sections. This 
is expected Smee many microfossiils become abraded or winnowed out in 


sandy environments. A large number of abraded chitinozoans were usually 
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observed in the sandy sections. Since acritarchs are considerably smaller 
than chitinozoans they are liable to be winnowed out faster. Their low 
diversity in sandy sections parallels the fewer species of chitinozoans 
observed in sandy sections, reduced by abrasion and winnowing. 

In both wells species diversity is high at the-base of the 
marine sediments, followed by a sharp decrease, then a long period of 
general fluctuations, and finally a relatively slow decline. This pro- 
bably indicates that the flooding of the Devonian Sea was rapid and 
both acritarchs and chitinozoans flourished almost immediately. The 
greater number of acritarch species at the base of the marine sections 
reflects initial shallow marine conditions. The decrease in species 
diversity immediately following the basal sediments and corresponding to 
Sandy sections in the wells suggests a partial regression or discharge 
of a large volume of coarse clastics within the interval. Following 
this intervah, there appears to have been a general increase in water 
depth accompanied by periodic fluctuations, and finally a relatively slow 
regression in which the chitinozoans and the acritarchs were eliminated 
in the UC/19-2A and the A-1 wells in the east. In the SE/10-1 well 
in the west, however, the acritarchs flourished for a longer period 
after the chitinozoans have perished. This appears to indicate that 
the regression of the Devonian Sea was followed by a deltaic or brack- 
ish water condition in the west. The SE/10-1 well is a proven oil- 
bearing well with one of the two oi] zones corresponding to the terminal 
marine zone. The close relationship between oi] generation and delta 
build-up is a well-known geologic ieronenon 


In the entire marine sections of the wells spores and scole- 
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codonts occur commonly to abundantly. The occurrence of these micro- 
fossils in association with the chitinozoans and the acritarchs in 
interbedded series of shales, sandy shales, siltstones, and sandstones 


all indicate the generally shallow conditions of the Devonian Sea. 
Continental Conditions 


As the spores which constitute the continental materials 
have not been studied in detail, no specific paleoenvironmental condi- 
tions can be suggested, but considering the generally silty nature of 
the sediments in which the spores accumulated, swampy tidal flats pro- 
bably prevailed at the time of the deposition of the sediments. 

The barren sections overlying the distinctly continental 
materials in the SE/10-1 and the UC/19-2A welis are probably the result 
of destruction of organic material and reflect continental conditions. 
The sediments in the hare intervals are mostly reddish brown coarse 
grained sandstones, siltstones, and sandy shales. Some carbonates 
bands occur in both wells, but samples prepared from these carbonate 
were barren, except for some few chitinozoans, spores, and poorly pre- 
served acritarchs in a thin calcareous sandstone at 7,060 feet depth of 
UC/19-2A well. A restricted marine invasion probably occurred at this 
horizon. The distinct acritarch zones at the terminal portion of the 
Paleozoic sediments of the three wells probably indicate brackish 


water conditions at the end of the Devonian period. 
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CHAPTER VII 


AN APPRAISAL OF THE GHANATAN AND BRAZILIAN DEVONIAN 
CHITINOZOAN AND ACRITARCH ASSEMBLAGE SUITES 


Proponents of the theory of continental drift usually refer 
to the jigsaw-puzzle fit of the Atlantic coasts of Africa and South 
America (Fig. 13) as one of the strong supporting pieces of evidence 
of the theory. These two continents including the island of Madagascar, 
India, Australia andwene Antartica were supposed to have constituted 
the super-continent of Gondwanaland in the Paleozoic and early Mesozoic 
eras. Several workers have shown that the geology and paleontology of 
the above regions during the Paleozoic and Mesozoic eras are similar. 

Recently, Hurley and others (in Hurley, 1968) indicated 
that the 2,000 million-year-old cratonic rocks of renee the Ivory 
Coast and westwards from these countries, as well as the 600 million- 
year-old province of Dahomey, Nigeria and in the east of these countries 
have their equivalents in Brazil, and probably a piece of the 2,000 
million-year-old craton of West Africa had been left on the continent 
of South America. According to these workers, the structural trends as 
well as the mineral characteristics of individual belts of ores, j.e., 
manganese, iron, gold and tin seem to Foley a matching pattern where 
the coasts once joined. 


The concept of continental drift is beyond the scope of this 
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project. The remarks following are essentially a brief resume of the 
writer's impressions on the remarkable similarity of the Devonian micro- 
fossil assemblage suites of Ghana and Brazil. 

Lithologically, the Devonian sediments in Brazil are com- 
posed of a series of sandstones, siltstones, sandy shales and shales 
which are occasionally micaceous. These sediments are closely similar 
to the Ghanaian Devonian sediments. 

In comparing the Ghanaian microfossil species with similar 
Species described from various regions, including Brazil, South America, 
there were some species described from Brazil which have not been recorded 
from other regions but most of which form important components of the 
Ghanaian microfossil assemblage. These have already been discussed. 

a For a more specific comparison between the microfossil] assem- 
blage suites based on diagnostic species ranges, a Pidshalt warachic 
subdivision proposed by Lange (1967) for the Devonian in the Parana 
Basin, Brazil, is contrasted with the "Chitinozoa Assemblage Zones" 
Suggested by the writer for the entire marine sediments observed from 
the exploratory wells on shelf and coastal region of Ghana. Lange's 
Biostratigraphic Subdivision of the Devonian of the Parana Basin, Brazil, 
is indicated in its entirety in Table 6 for reference on the discussion 
below: 

Interval D.1: Lower Devonian (Barren) 
This interval was not observed in Ghana. 
Interval D.2: Lower Devonian 
Two Sub-Intervals are recognized in the Parana Basin--D.2a: 


Angochitina (Ramochitina) magnifica; D.2b: Cladochitina biconstricta. 
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[——“—*~“‘“< ST]? «=O aT GYAaphic Intervals of the Devonian of the Parana] 
Basin--with the exception of Interval D.1 which is barren--were esta- 
blished on the vertical range of the species described in the systema- 
tic part of this paper, as follows: 

INTERVAL D.2 


Sub-Int. D.2a - corresponds to the total range of Ramochitina mag- 
nifica. 


Sub-Int. D.2b - total range of Cladochitina biconstricta. 
INTERVAL 9.3 


Characterized by Cladochitina varispinosa, restricted to 


this interval. Lower limit based on lower range limit of 
the mentioned species and of Ramochitina ramosi, as well as 
that of the Acritarch Navifusa. --Angochitina cf. A. canil- 


lata starts in this interval. Upper limit based on the — 
limit of overlying unit. 


INTERVAL D.4 


Sub-Int. D.4a - Lower limit correspondine toe lower range limit of 
Ancyrochitina langei; upper Timit based on the 
Timit of overlying unit. Aloenachitina eisenacki 


and Ancyrochitina cf. A. desmea start in this unit. 
Associated in this unit, but not restricted to it, 
are Ramochitina ramosi, Angocnitina cf. A. capil- 


lata, and Navifusa spp. 


Sub-Int. D.4b - Lower limit established on lower range limit of 
Angochitina devonica and of Ancyrochitina cf. A. 
ancyrea. Upper limit coinciding with upper range 
limit of Angochitina cf. A. capillata. Associated 
are Ramochitina ramosi, Alpenachitina eisenacki, 


Ancyrochitina cf. A. desmea, Ancyrochitina Tangei 
and Navifusa. 


Sub-Int. D.4c - Lower Limit based on disappearance of Alpenachi- 
tina eisenacki, Ancyrochitina cf. A. desmea, and 
Angochitina cf. A. capillata. Upper limit corres- 
ponding to sige “rande limit of Ramochitina ramosi, 
Ancyrochitina langei, Angochitina a devonica and An- 
cyrochitina cf. A. ancyrea. 


INTERVAL D.5 


the occurrence of on ine avelinoi, and py the upper 


| ___ range limit of Navifusa._ 7 ad ae ee 


Table 6. Bios tratiaraphic Subdivision of the Parana Rasin, Brazil, 
South America (after Lange, 1967, p. 90). 


7 be Ve + rane’ 
5 . ee redeares brah? — 
Cimcayith caters tae Rina Bogs mene ara ae ae saat" falar RTSD) “att 
‘7 Toad Ae Doge Oe Ble ae a ) 4 
Be ee ee et ab Holle Fug. taymeand to HOP NIORG 08 wan 
f 9 / ; ae } hee ' Rene eras Qa. Ae é siege apege ee ee tia tg te ab oe j bee Oy A+-a0 ac ; Be afte 
° ae pe nce : ae “m wa aya 26 3GNg . Pag ed wm Be 
, ’ : tf a tae t ie % A 
: : Ps - a oh 7 2 “ 
wo ae i “t ai : / ies 
= <J 3 ard Fi a as sig 
“ay os : es ' et bn) ae ; 6 a . 
: / war Ag 9. ‘ rh ae rf 4 nko ray" ‘OD hn aes onl » 
| hd ise -: ms -” ‘ 4 i 
a: rf: 4h Sad oe a A. i , 
oy thet ; a ai ' 
Sinhona ont itd AON BLO FO ai + «a Slt aot ut 
ty Bae v¢@ i pmo aen x i : ai 
{ ae 
; ; rs ‘ie eet of “ie 4. f 
E a en rid 
7 guivieod ipoaitegive ap haaobalkt wa: een. va 
i abe aoe veal wes 4  & ee | ane ae th a 3 ahs - j 
| T on | Pia eos Apyednt chad gy 
} 1 ' X J ; s on : me = " sé , tari: F oe one by ntto 7 ; r ri cei @ ant « 
. s 6 13 ie . “ ; deg n 7 Noi 7 “ea re me 
1 sal (ATER Te Sel siieomale mote De ane ba, ed pi etl} * 
2 ss - Ae ae r ; 7 ar on rh ae * ; sdijons F aL 
| rie: Ce yart aad: | «pe eat Pere os at oad p3 ; 
hit mngtave ' $0 “timht a 
¥ * ' > et 7° 
“ i, SS) i) ; ao ; 
“ : { wo ro ha bs D ‘er a yoy : + : 
a] ; t y ' / y Aahe ‘ i ey Fe | Fy 7 { 7 ; ie wire eo* % Go . >| [ 1 ' ‘ + she : oh. iv 
ny i Aare , oe pha w 7.6 oa ahi . fot 
sat he ane TET ame oat INSANE MNS oy 
. ; } i 7 ert rn ae of nel Tact, yy x 3 yur 7a 3M = ~ Le 
pee deere tn ok Pt Agar om Lane “ae bid + age ot as Cae ) ee af 
| SBap TET ae ORES eee Ne ee ek cA 
| aoe igen SEN ee , 2H) Bete (Goth RP OD ee 
cw iB’ $ oh as +. Wee ny - VEN ‘a os hel prey us ; 
a es oe igo A edlal hesitant “a Re oee MH 


: * 
a 
7 


+ Eee. WER BS A ai Sapa» Sellen ae se cow et ot 
or a} ee) se 
. . yh de ee te te Pr a a | (see 
a we 


cF =~ bf ee ow = . 


ty pin Sait it te totes rhe yenad - tt, a iM 


Sireyckomh! a AA: Boxe 10 ve boty 4 i eatad ts at 
; Tie ae ea | 


die is A =f ey i “4 erat aay - 
eet iad: hiv. Mae ncouee FP WO yee 


~ P 


Pee , wip age RA gent igh Lace Lane : 
pie vi la me: et) ye Gey irate eaCA 7 ; ap 


a Ne see riaeny.y ne ¢ ane shah ot i si enter hte Teta oe erg 
bereael a eee 0! Cr 7. ’ ; ’ Sia *% ¥ py am hak pear § WR) “os 


AS i : ip as —T 
; Tk 2a) m 
| ui» a 
5 bah Baily, 


, A ° h ey) 


[> #¢. 7 Pl 


ak 
bale ‘s he 78 tty 
us ore to, i ee rae hs 
Pics sas) 4 | Ot BO es 


Atay ale "" 


dk 
re 
= 


EL Ae 
termed Mace 3 Chose tO, 27 | 
hes “bas, Bo aya iy anid ron 

nl “ety eee : ae 


7 7 
wit 


5 


Ciadochitina biconstricta was not observed in Ghana. Only one speci- 
men of A(R) magnifica was found in Zone B of the SE/10-1 well. Zone D 
of the Devonian of Ghana probably correlates with the Sub-Interval D.2b 
of the Parana Basin since the Ghanaian "zone" carries Lower Devonian 
elements as well. 
Interval D.3: Middle Devonian-Eifelian 

Cladochitina varispinosa is restricted to this interval with 
Angochitina (Ramochitina) ramosi being long-ranging. This interval 
correlates closely with Zone C--Cladochitina varispinosa Assemblage Zone 
of Ghana. In the SE/10-1 well and UC/19-2A well, varispinosa is 
diagnostic to the zone while ae ramosi occurs in higher horizons in 
these two wells. In A~1 well, varispinosa and A(R) ramosi were ob- 
served in Zone B and Zone ¢ of the well, with A(R) ramosi being the 
most diagnostic species of this well. Thus, the "long-ranging" of 
A(R) ramosi in the Devonian of Ghana corresponds to the range of this 
species in the Parana Basin of Brazil. Cladochitina varispinosa, how- 
ever, was observed also in the Zone A of the Devonian of Ghana which 
appears to correlate with Sub-Interval D.2b of the Parana Basin, Brazil. 
Cladochitina varispinosa is not represented in the Sub-Interval D.2b 
in the Parana Basin. Since only cutting samples were used for this pro- 
ject, intermixing of samples may account for the occurrence of C. vari- 
spinosa in the lower zones of the Ghana wells. It is equally probable 
that this species is endemic in Zone A, and both Zone A and Zone Bin 
Ghana correlate with Interval D.3 of the Parana Basin, Brazil. 
Interval D.4: Middle Devonian-Givetian? 


Three Sub-Intervals, D.4a} D.4b; D.4c were proposed by 
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Lange for the Parana Basin, with most of the species occurring concur- 
rently. All the species in Interval D.4 were observed in Zone C Ango- 
chitina devonica-Angochitina (Ramochitina) ramosi Assemblage Zone and 
partly in lower zones in Ghana. These species are: Ancyrochitina 
langei, Alpenachitina eisenacki, Ancyrochitina cf. A. desmea, Ramochi- 
tina ramosi, Angochitina cf. A. capillata, Ancyrochitina cf. ancyrea, 
Angochitina devonica, and Navifusa spp. (acritarchs). (See Table 6 for 
assemblages in Sub-Intervals). 
Interval D.5: Upper Devonian-Frasnian: 

This Interval in the Parana Basin is characterized by Ango- 


chitina mourai, Lagonechitina avelinoi, and the acritarcn Navifusa. 


er ee ee 


This Interval correlates with Zone D--Angochitina mourai Assemblage 
Zone in Ghana. Lagenochitina avelinoi was not observed in Ghana, but 


Zone D of SE/10-1 well in the west of Ghana carries several North Afri- 


can elements reported from the Upper Devonian of Morocco by Grignani and 


Mantovani (1964). 

Navifusa is one of the dominant components of the acritarch 
assemblage in the Devonian of Ghana. The occurrence of this species 
from the Eifelian to Frasnian in the Parana Basin, Brazil, appears to 
agree with the range of this species observed in the Devonian of Ghana. 

The close similarity of micrifossil assemblage suites in 
Ghana, West Africa, and Brazil, South America re to supplement the 
evidence of similar geologic setting of the Atlantic coasts of the two 


continents during the Devonian period. 
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CHAPTER VIII 
SUMMARY AND CONCLUSIONS 


Paleozoic sediments from exploratory oi] wells on the con- 
tinental shelf and coastal region of Ghana, West Africa, are character- 
ized by a rich microfossil assemblage. The distribution of the micro- 
fossils in the various wells studied indicates two major sedimentary 
facies, a lower marine facies of 1,010 feet thickness in the east to 
1,050 feet thickness (?) in the west containing an association of abun- 
dant chitinozoans, acritarchs, spores, tasmanites, leiospheres, and 
scolecodonts overlain by a continental facies, of about 750 feet thick- 
ness in the east to 1,990 feet thickness in the west, carrying almost 
exclusively spores. The upper 1,590 feet thickness of the continental 
section in the west is barren of microfossils. A distinct acritarch 
assemblage occurs terminally of the continental facies which is 150 feet 
thick in the east to less than 50 feet thick in the west. 

A detailed study of the chitinozoans and the acritarchs 
from the sediments indicates several elements in the Ghanaian assemblage 
common to Lower to Upper Devonian chitinozoan and acritarch species re- 
ported from Europe, North Africa, North America and especially, an upper 
Lower Devonian (Emsian) to lower Upper Devonian (Frasnian) chitinozoan 
and acritarch assemblage of Brazil, South America. Thus, it appears that 


the Ghanaian chitinozoan and acritarch assemblage represents an upper 
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Lower Devonian (Emsian) to an early Upper Devonian (Frasnian) age. 

Four tentative Chitinozoa Assemblage Zones have been pro- 
posed for the the marine Devonian sediments from the wells as follows, 
in descending order: 

Zone D: Angochitina mourai Assemblage Zone 

Zone C: Angochitina devonica-Angochitina (Ramochitina) 

ramosi Assemblage Zone 

Zone B: Cladochitina varispinosa Assemblage Zone 

Zone A: Ancyrochitina sp. 6 Assemblage Zone 

Overlaps, as well as local variations of the microfossil 
content of the various zones occur in the wells studied. As such, the 
zones in the west are described as "Western Chitinozoa Assemblage Zones" 
defined by the chitinozoan assemblage in the SE/10-1 well, and the zones 
in the east are described as "Eastern Chitinozoa Assemblage Zones" de- 
fined by the chitinozoan assemblage in the A-1 well. The objective of 
this distinction is to emphasize local variations in the microfossil 
assemblage in the west and east coast of Ghana and to establish a biostra- 
tigraphic framework which can be readily applied for correlation of 
wells on the entire shelf and coastal region of Ghana. 

Relationships between the chitinozoan diversity and acritarch 
diversity as well as general spore distribution at various stratigraphic 
sections of the wells studied suggest that the Devonian Sea in Ghana ad- 
vanced from the west in relation to the present magnetic pole position. 
The Sea was very shallow of an epicontinental platform type and for a 
very long period of time periodic fluctuations in water level accompanied 


by coarse clastic discharges occurred. Regression of the Sea was very 
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Slow, and in the west deltaic conditions probably followed the marine 
invasion. FOllowing the complete withdrawal of the Sea, probably in the 
early Upper Devonian (Frasnian), continental clastic materials were de- 
posited. This was followed by brackish water conditions in which some 
acritarchs flourished, particularly in the east. 

This evidence of a single and probably a continuous sedi- 
mentation cycle for sediments of Devonian age observed from the explora- 
tory oil wells on the shelf and coastal region of Ghana appears to con- 
flict with previous geologic data for Devonian sediments outcropping 
along the coast. 

The Accraian Series and the Sekondi Series are considered to 
belong to separate sedimentation cycles, en the Accraian Series repre- 
senting Lower or Middle Devonian age and the Sekxondi Series correspond- 
ing to Upper Devonian or Lower Carboniferous position, and according to 
Crow (1952) the lower Sekondi Series (Ajua Shales) were deposited from 
glacial melt water. 

| The lithology of the various wells studied is closely similar 
to either the Accraian Series or the Sekondi Series, and more especially, 
the upper sections of the SE/10-1 well located close to the outcrop of 
the Sekondi Series at the coast (Fig. 5) with barren coarse clastics and 
occasional chert bands are similar to the lithologies of the upper units 
of the Sekondi Series (Table 1). 

Comparison of thicknesses for the Sekondi Series and the 
Accraian Series suggested by Crow (1952) and Saul (in Saul et al., 
1963), respectively, with thicknesses of sediments of Devonian age 


observed from wells on the shelf and close to the outcrops of the Sekondi 
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Series and Accraian Series indicates some interesting relationships. 

Crow (op. cit.) estimated the thickness of the Sekondi Series 
to be 3,/740-4,000 feet. _ The thickness of the Devonian sediments from 
the SE/10-1 well located close to the sitevbe of the Sekondi Series is 
3,725 feet with the lower 675 feet thickness of the sediments missing, 
according to the Ghana Geological Survey (personal communication). The 
thickness of the Accraian Series as estimated by Saul (op. cit.) is 
2,865 feet compared with 2,370 feet thickness for the Devonian sediments 
observed from the UC/19-2A well located on the shelf and close to the 
outcrop of the Accraian Series. If the sediments from the SE/10-1 well 
and the UC/19-2A are synchronous (Fig. 12), it follows that their equi- 
valents outcropping at the coast, i.e., the Sekondi Series and the Ac- 
craian Series, respectively, are synchronous. 

The writer believes that the different ages proposed by 
various workers for the neeraiel Series (Lower or Middle Devonian) and 
the Sekondi Series (Devonian or Lower Carboniferous) which are essentially 
based on usually poorly preserved fossils collected from single and 
restricted, narrow sections within each series may correspond to the 
basal stratigraphic section of the marine sediments observed from the 
wells for the Accraian Series and the upper section of the marine sediments 
for the Sekondi Series. It is significant to note that both in the SE/ 
10-1 well and UC/19-2A well distinct carbonaceous shales occur above the 
marine sediments. These carbonaceous shales probably correspond to the 
stratigraphic interval of the Sekondi Series from which Mensah and Chal- 
oner (1971) dated the Sekondi Series on floral content to be Lower Car- 


boniferous age. 
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Sediments of Devonian age occur widespread in several lo- 
calities in West Africa. According to Legault (oral communication) 
sediments of Middle Devonian age have been observed from an offshore 
well in the Republic of Togo, Ghana's neighbour to the east. No car- 
boniferous sediments have been reported from any locality in West Afri- 
ca, apart from the Early Carboniferous age suggested by some workers 
for the Sekondi Series in Ghana. However, the next phase of this pro- 
ject, which deals exclusively with the spore assemblage, will throw more 
light on the exact age of the continental sediments overlying the marine 
sediments. 

Even though the lower sediments from the SE/10-1 well in the 
west were not observed, the basal sediments from the adjacent wells 
SE/13-1 and SE/13-2 processed proved to be distinctly marine. Thus, 
Crow's supposition that the lower Sekondi Series (Ajua Shales) were 
deposited from glacial melt water appears to be unsubstantiated if 
the Sekondi Series is synchronous with the Devonian sediments observed 
from the exploratory oil wells on the shelf and coastal region of Ghana. 

The four tentative Chitinozoa Assemblage Zones proposed by 
the writer for the Devonian sediments in Ghana closely correlate with 
similar zones proposed by Lange (1967) for Devonian sediments in the 
Parana Basin, Brazil, both in microfossil content and species ranges. 
This observation reinforces evidence of similar geologic setting on 


both sides of the Atlantic coasts of West Africa and South America. 
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CHAPTER IX 
SYSTEMATIC DESCRIPTIONS 


Introduction 
Classification of the Chitinozoa 


Classification of any extinct group of organisms whose 
relationships with each other or with living organisms are unknown or 
uncertain is usually very difficult. The classification of the Chiti- 
nozoa 13 not an exception to this fact. 

Eisenack, in his several years of experience with the Chi- 
tinozoa, dating from the early 1930's proposed a system of classification 
for this group of microfossils which is largely empirical, but which 
is still widely used by many workers. Recently, however, four dif- 
ferent schemes of classification of chitinozoans have been proposed by 
some authors: van Oyen and Calandra (1963), Jansonius (1964, 1967, 1970), 
Tappan (1966), and Taugourdeau (1966). 

Perhaps, of special significance to the writer in this work 
is the classification proposed by Jansonius, which is based on the 
character of the operculum and its "complex form" the prosome. 

Jansonius divided the Eaineree into two supra-generic 
groups: '"Simpleoperculati" and "Complexoperculati". The "Simpleoper- 
culati" have simple operculum and consist of two families: Desmochiti- 


nidae - those with "external operculum" and Conochitinidae - those 
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with "recessive operculum". The "Complexoperculati" have more developed 
"recessive operculum" (prosome) and consist of two families: Sphaero- 
chitinidae - those with simple prosome and usually lacking differenti- 
ation of the aboral pole, and Tanuchitinidae - those with highly de- 
veloped prosome complex and more or less elaborate differentiation of 
the aboral pole. 

In my restricted experience with the Chitinozoa from the 
Devonian of Ghana, "various phases" of the prosome have been observed 
under the transmitted light microscope, even within a single species of 
Chitinozoa. The prosome of some specimens of a species may be solid 
and plug-like within the neck of the organism, annulated or consisting 
of a series of circular discs within the neck, being ejected from the 
neck, sunk into the body chamber, or entirely absent from the organism 
fee oP rit toss o. Pl. IV. figs, t= 5,7 - 8). The signt- 
Ficance of this phenomenon observed for the prosome of specimens usually 
belonging to the same species is not known to the writer. 

Urban (1972, p. 10) however, by studying the prosome with 
the S.E.M. (scanning electron microscope) has indicated that the mor- 
phology of the prosome is more elaborate and complex than previously 
indicated by some authors. Urban has shown that two variations of the 
prosome commonly occur in Angochitina devonica as well as many other 
species. One appears as a solid plug while the other is an annulated 
tube. The annulated type consists of several circular discs which are 
unornamented on the oral surface but have fine spines on the aboral sur- 
face. According to Urban, these two types of prosome in individuals 
that are otherwise virtually identical may be related to the "repro- 


ductive process" of the organism. 
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It appears that more detailed study of the prosome is still 
necessary and its "various phases" in a species must be critically ap- 
praised before it can be used as a basis for the classification of the 
Chitinozoa. | | 

The classification of the Chitinozoa adopted in this work 


is the empirical classification scheme proposed by Eisenack. 
Difficulties in the Empirical Classification Scheme used in this Work 


In applying the empirical classification scheme for chi- 
_ tinozoans several difficulties were encountered by the writer, among 
which are the following: errors in measurements due to preservation 
effects; errors in measurements due to disorientation of specimens on 


Slide; and degradation effects on ornamentation. 


Errors in Measurements due to Preservation Effects 


—_<-- 


The character and shape of any fossil is related to the 
degree of preservation adpihe burial. Various deformation patterns 
due to preservation were observed in the Chitinozoa recovered from the 
Devonian sediments in Ghana. Among these deformations are: folding of 
the tests, particularly at the base (Pl. XI, fig. 9 contrast fig. 8; 
Pl. XIV, figs. 1, 2 contrast figs. 3, 4), and general contraction of 
the test (Pl. XI, fig. 6 contrast fig. 5). In well preserved and 
transparent materials it is easy to spot these deformations in the 
specimens, but when the materials are opaque, as most chitinozoans 
recovered from various sediments isuaity are, it is often difficult to 


spot these deformations, thus measurements recorded for specimens 
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become very subjective and unreliable. 
Errors in Measurements due to Disorientation of Specimens on Slide 


This is another source of subjective and unreliable measure- 
ments, particularly in opaque specimens of chinozoans. Since there is 
no control in the orientation of microscopic specimens, such as chito- 
zoans on a slide during preparation, significant number of the speci- 
mens become disoriented (Pl. XI, fig. 15 contrast figs. 11, 12). These 
disoriented specimens may not be evident when the materials are opaque. 

Tables 8 and 9 are summaries of measurements made on Ancyro- 
chitina spp. and Angochitina spp., respectively, from the Devonian sedi- 
ments in Ghana. Although apparently better preserved and well oriented 
Specimens were measured, significant variations occur in the various 
parameters used in the measurements. Some of these variations are due 
to natural variations in the various species but others might be due 
to preservational effects and disorientation of the specimens on the 


Slide which were not obvious. 


Degradation Effects on Ornamentation 


Erosion of ornamentation is a very common feature in chiti- 
nozoans. At times impressions such as spine bases are quite eviaent on 
the test of the Peinaee even when the spines are eroded, but in 
some cases the degradation of the ornamentation on the Chitinozoa are 
SO very complete that there is no impression or trace of it on the 
test of the organism (P1. IX, figs. 1-7 contrast figs. 8,9). 


As an attempt to illustrate ornamentation patterns in Chi- 
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Diagrammatic Lateral View of a Generalized Chitinozoan Test 


Figure 14, 
with Terminology of the Major Features. 
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tinozoa type E which shows enormous variation in the length of the neck 
(P1. XV, figs. 2, 3, 4) the S.E.M. (scanning electron microscope) was 
used in photographing one specimen (Pl. II, figs. 3, 4). Although 

part of the ornamentation is clearly shown on the specimen photographed 
with the S.E.M. it is evident however, that complete degradation of the 
Ornamentation would result in the wall becoming very smooth without any 
trace of the ornamentation pattern (cf. Pl. XV, fig. 2). 

All the various factors in preservation of chitinozoans dis- 
cussed above introduce enormous problems in Chitinozoa classification 
based on the empirical scheme. The use of the S.E.M. in studying te 
Chitinozoa would greatly help in bringing out details in wall microstruc- 
ture, variations in ornamentation patterns due to preservation effects 
and various other parameters which are important in understanding and 
classifying the Chitinozoa with some degree of confidence. There is 
an Wet onpt in this direction (Urban and Kline, 1970; Urban, 1972). 
However, the use of the S.E.M. in studying the Chitinozoa is not only 
expensive but appears impractical when a large population of specimens, 


which the stratigraphic paleontologist has to cope with, are studied. 


Morphological Terms Used in the Classification of the Chitinozoa 


The morphological terms which have been used in the empiri- 
cal classification scheme adopted in this work are indicated in Figure 


14, 
Classification of the Acritarcha 


The classification scheme of the Acritarcha adopted in this 
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work is that proposed by Downie, Evitt and Sargeant (1963). In this 
classification, the Group Acritarcha is aiidee into less rigid, fle- 
xible supra-generic groups not based on type genera. The name of each 
Supra-generic group being based on characteristic morphological features, 
combined with the ending "morphitae". This appears to be the most 
practical way of subdividing such a diverse group as the acritarchs. 

Recently, however, the scanning electron microscope has 
been used to study the wall micro-structure and ornamentations as 
bases for classifying the acritarchs (Loeblich, 1970; Tappan and tee 
lich, 1971). Downie (1973) has proposed a number of related groups of 
the acritarchs and has suggested evolutionary trends for them. 

The identification of the various acritarch genera and 
Species has been based on readily available literature on the group 
and may lack refinement. The objective here is to establish a quali- 
tative relationship of association between the number of Chitinozoa 
species observed and the number of Acritarcha species observed in a 
sample from a specific interval. Thus, a few acritarch forms have 
been figured and described or remarked but because they occur very 
rarely and because designating them to a separate species is highly 
subjective they have not been statistically used in the relationship 
nor indicated on the range charts. 

Tasmanites and Leiospheres, although occurring very com- 
monly in the assemblage have also been omitted because of their appar- 


ent limited use in biostratigraphy. 
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Order CHITINOZOA Eisenack, 1931 
Genus ALPENACHITINA Dunn and Miller, 1964 


Type species: Alpenachitina eisenacki Dunn and Miller, 1964 


DIAGNOSIS: Test flask shaped with conical body chamber and a cylin- 
drical neck characterized by two or more separate and distinct hori- 
zontal rows of stout spines which may be unbranched, bifurcated, or 


multibranched. 


ALPENACHITINA EISENACKI Dunn and Miller, 1964 
Plate V, Figures 12-14 


1964: Alpenachitina eisenacki Dunn and Miller, Jour. Paleont. 38(4), 
Seeweo-i20, Pie dio? igs. 1-12. 

1967: Alpenachitina eisenacki Dunn and Miller, Lange, Bol. Paranaense 
Geocienc. 21/22, p. ae Bie 1s tidswabeo 

1971: Alpenachitina sieenaet Dunn and Miller, Costa, An. Acad. Brasil. 
eranedd AS ep 2161 rigs 1) 7 

1972: Alpenachitina eisenacki Dunn and Miller, Urban, Bull. Amer. 


Pad conte’ 63! (27595 Pan 11,1 Pads) Figvout 


DESCRIPTION: Test medium size with sub-cylindrical body chamber ex~- 
panded at the base and slightly tapered orally; neck cylindrical, about 
2/5 the total length of the test; flexure broad, distinct; shoulder 
distinct; wall ornamented with a row of simple, long spines at about 


the middle of the cylindrical neck and other rows of multibranched 
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spines at about the base of tne shoulder, and at the basal edge; in 
some specimens simple spines may occur at the base of the neck, and long, 
multifurcate spines may occur at the lip; prosome plug-like within the 


neck but are usually lost in many specimens observed. 


DIMENSIONS (in microns): 5 specimens measured. 


Total Neck Chamber Neck Aperture 

Length Length Diameter Diameter Diameter 
Range: 146-174 56-71 73-93 40-46 40-46 
Mean: 162 63 84 43 43 


ILLUSTRATED SPECIMENS: 

Pl. V, fig. 12, Sample UC/19-24/8550/2, Co-ordinate 117.0/34.9 
Pl. V, fig. 13, Sample UC/19-2A/8480/2, Co-ordinate 122.5/48.5 
Pl. V, fig. 14, Sample UC/19-2A/8500/6, Co-ordinate 124.5/48.5 


LOCALITY: This species occurs in ail the three wells studied but are 


rare. 


OCCURRENCE AND STRATIGRAPHIC RANGE: This species was first described 


from the Middle Devonian Alpena Limestone, Michigan, U.S.A. by Dunn 

and Miller (1964). Lange (196%) and Costa (1971) have reported it 

from Middle Devonian sediments in Brazil, South America, and Urban 
(1972) has recorded it from the Middle Devonian Cedar Valley Formation 
of Iowa, U.S.A. The species has also been reported from the Middle 
Devonian (Givetian) Hamilton Group in southern Ontario, Canada (Legault, 
1971, Unpubl. Ph. D. Thesis). This species appears restricted to the 


Middle Devonian. 
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REMARKS: The specimens of this species recovered from the Ghanaian sedi- 
ments are generally poorly preserved. However, the rows of spines on 
the tests were quite characteristic. The Ghanaian specimens are gener- 


ally similar to other specimens recorded elsewhere. 


ALPENACHITINA sp. 1 
Plate Figures 15,°16 


Text--figure 19a 


DESCRIPTION: Test medium size with sub-cylindrical body chamber ex- 
panded at the base and slightly tapering orally; neck cylindrical, about 
173 °tO82/5 total length of the test; flexure distinct; shoulder dis- 
tinct; basal edge sharp; base convex; wall ornamented with simple and 
bifurcate spines 20-31 microns long and 4.2-5.4 microns maximum diameter, 
these spines occur on the lip, lower part of the neck to upper part of 
the body chamber; similar spines may occur at the basal edge, but 


rare; prosome plug-like within the neck or absent. 


DIMENSIONS (in microns): 5 specimens measured. 


Total Neck Chamber Neck Aperture 
Length Length Diameter Diameter Diameter 
a7 53 84 40 40 
Range: 155-171 47-53 85-87 31-40 37-40 


Mean: 165 50 86 35 37 


ILLUSTRATED SPECIMENS: 
Pl. V, fig. 16, Sample UC/19-2A, Co-ordinate 119.1/35.5 
Pl. V, fig. 15, Sample A-1/1266-1268/2, Co-ordinate 111.7/30.7 
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Figure 15. Morphological Variability of some ancyrochitina spp. from the 
Devonian of Ghana (Semi-diagrammatic. Magnification of all 
illustrated specimens X300). 15a, ancyrochitina sp. Cf. A. 
gumersinda Cramer; 15b, Ancyrochitina sp. cf. A. Sp.’ Jansoni- 
US; 15c-d, Ancyrochitina Sp. 23; 15e, ?Ancyrochitina’ Sp. 43 
15f-g, Ancyrochitina sp. 7; 15h, Ancyrochitina Sp. 6. 


LOCALITY: This species was observed from all the three wells but is 


rare. 


REMARKS: These specimens have been tentatively assigned to the genus 
Alpenachitina Dunn and Miller on the basis of the similarity in the 
Shape of the test to some specimens of A. eisenacki which were ob- 
served from the Ghanaian samples (Pl. V, figs. 13, 14 contrast figs. 
15, 16). Alpenachitina eisenacki however, has the spinose ornamenta- 
tion distinctly in rows at the neck, shoulder and at the basal edge. 
Cladochitina varispinosa Lange which also occurs commonly in the sam- 
ples, has the spinose ornamentation covering the entire body chamber 


and the neck, besides, the spines are usually multibranched. 


Genus ANCYROCHITINA Eisenack, 1955 


Type Species: Ancyrochitina ancyrea (Eisenack, 1931) Eisenack, 1955 


DIAGNOSIS: Chitinozoa with nearly cylindrical neck, 1/2 to 2/3 of 
overall length of test, conical or more rarely rounded chamber. Base 
more or less even, slightly concave or convex. Peripheral margin 
with relatively few (about 4-10, generally 5-8) strong, more or less 


long, simple, furcate or also rather irregularly branched appendages. 


ANCYROCHITINA sp. cf. A. ANCYREA (Eisenack, 1931) Eisenack, 1955 
Plate I, Figures 1-2 
Plate III, Figures 1-8, 12, 13 


1931: Conochitina ancyrea Eisenack, Palaeont. Z. 13 (1/2), p. 88, 
textstige 2a lect iocec, 11, el. 4, Tigsae. | 

1955: Ancyrochitina ancyrea (Eisenack) Eisenack, Senck. Leth. 36 205 
PIR 28 iidsa oy tin Rises, Tig. 4. 


~nae ott nit — 24uoTt uke hile as 38 a 
 watnshe, vbpg svitae. 244 quftewosi sot abi ene eh mh: 
 bastopuret fu ePTadeny aye ‘oat sits 12 


esaibeee ete ee es 
teers de: a 

; i a 

ne ee 


ever Rasa us ees J 


: ry gee aes one ey 4 : ‘ os | ee 
ro ENG 208: sy agen cei he 1 sonbelttnd 72120m 
— y wus Seas. 


 yadeatts. bshanonsgle aE 
ep IHM sclines 


" ae a 


ete vo shea) pers fc 


Oo a) al 


7 ff “thi ob * i 


batt oh TT CLE Bagh 8 19) 


4 : ; 7 ; 
‘ 5 4 
Pay ty id 


1960: Ancyrochitina ancyrea Eisenack Taugourdeau and Jakhowsky, Rev. 
Mist. tie Pevyvole. oulo). Dp. i29G, Plt", tags. 2-3, 


1962: Ancyrochitina ancyrea Eisenack, Beju and Danet, Petrol gi Gaze, 
Doel cap. eo. Fie Loh igs.. (1-9. 

1964: Ancyrochitina ancyrea Eisenack, N. Jb. Geol. Palaeont. Abh. 
1204). eet, Pl uci ahs. Jato, Pl. 20, Pigs. 6, 7. 

1964: Ancyrochitina ancyrea Eisenack, Sommer and van Boekel, An. Acad. 
BraSmiL tool Ae amen sstext-tig. 50 P is We tigre 254P1 2, 
TAOS yy ee 

1967: Ancyrochitina cf. A. ancyrea (Eisenack.), Lange, Bol. Paranaense 
Geociencias 21/22, p. 68; PT. 'T,. fig. 7: 

1968: Ancyrochitina ancyrea Eisenack, Jardine and Yapaudjian, Rev. 
Tnst.. Fr.” Patrole, XXITI’ (4)7 Pliesy tia. 6: 

1971: Ancyrochitina Leia Eisenack, Costa Dept. Nacional Produc. 
Mitts UIV. GEO). Miny e005 Wecde, Pla oa TUS. 2-4. 

1971: Ancyrochitina ancyrea Eisenack, Costa, An. Acad. Brasil, Ciénc., 
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DESCRIPTION: Test medium size, cylindro-conical; length of neck about 
1/2 total length of test; flexure broad, distinct; shoulder absent 

or weakly developed; basal edge ean ded with four to about ten simple, 
bifurcate or multifurcate basal processes, or occasionally with club- 
like spongy textured basal processes; basal processes of many speci- 
mens broken off, but their grapnel shaped endings are usually evident; 
base slightly convex; wall smooth; simple, bifurcate, or multi-branched 


“spines occur at the Jip; occasionally, club-like spongy-textured ap- 
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pendages may occur at the lip of some specimens which have similar 
appendages at the basal edge; prosome, short, plug-like or annulated 
with circular discs within the neck; some specimens are devoid of the 


prosome. 


DIMENSIONS (in microns): 20 specimens measured. 


Total Neck Chamber Neck Aperture 

Length Length Diameter Diameter Diameter 
Range: 124-180 34-93 84-112 25-50 25-50 
Mean: 140 65 87 fe cy 


ILLUSTRATED SPECIMENS: 

Pl. I, figs. 1,2, Sample UC/19-2A/8520 

Pl. III, fig. 1, Sample UC/19-2A/9010/1, Co-ordinate 114.8/46.1 
Pl. III, fig. 2, Sample A-1/1336-1338/1, Co-ordinate 114.2/35.3 
Pl. III, fig. 3, Sample SE/10-1/8250/1, Co-ordinate 123.6/28.0 
Pl. III, fig. 4, Sample UC/19-2A/8700/2, Co-ordinate 116.5/46.4 
Pl. III, fig. 5, Sample UC/19-2A/8500/1, Co-ordinate 116.5/33.0 
Pl. III, fig. 6, Sample A-1/1266-1268/3, Co-ordinate 119.0/34.8 
Pl. III, fig. 7, Sample UC/19-2A/8260/4, Co-ordinate 121.3/32./ 
Pl. III, fig. 8, Sample UC/19-2A/8260/3, Co-ordinate 112.8/29.1 
Pl. III, fig. 12, Sample UC/19-2A8350/2, Co-ordinate 122.9/63.5 
Pl. III, fig. 13, Sample UC/19-2A/9010/1, Co-ordinate 127.4/36.8 


LOCALITY: This species forms one of the dominant components of the 


chitinozoan assemblage in all the three wells studied. 


OCCURRENCE AND STRATIGRAPHIC RANGE: This species was first described 


from the Silurian of the Baltic Region by Eisenack. The species has 
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also been observed from various Silurian sediments in Europe (Beju and 
Danet, 1962; Jardine and Yapaudjian, 1968). It has also been reported 
from Silurian and Devonian sediments in the Sahara (Taugourdeau and 
Jekhowsky, 1960), Silurian and Middle Devonian in Brazil (Sommer and 
van Boekel, 1964; Lange, 1967; Costa, 1971). The stratigraphic range 
of the species is Lower Silurian to Lower Upper Devonian (Frasnian), 


according to Taugourdeau (1966). 


REMARKS: The diagnostic features of this species as described by 
Eisenack are "... peripheral margin occupied by 4 to 10 (generally 6 

to 8) more or less elongate, distally diminishing appendages which ter- 
minate in anchor-like furcations, but which can also be antler-like or 
irregularly branched ..." 

Some specimens of Ancyrochitina from the Devonian of Ghana 
compared with A. ancyrea have similar basal processes as described by 
Eisenack, others have simple, club-like, spongy-textured basal processes, 
and a large number of them have the basal processes broken off, but the 
general shape of their tests are comparable to A. ancyrea. Some speci- 
mens of this species observed from Ghana also nave somewhat ramified 
appendages similar to those of A. desmea Eisenack. These ramified ap- 


pendages are located at. the lip and not half-way between the neck as 


1s the case of A. desmea. 


ANCYROCHITINA STRIATA Taugourdeau, 1963 
Plate IV, Figures 1-5, 7, 8 
Plate XVII, Figures 11, 12 


1963: Ancyrochitina striata Taugourdeau, Rev. Micropaleo. 6(3), p. 131 
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Pain Le ddSei J bpp Pdien 2i0fiG- 17.. 

1966: Ancyrochitina striata Taugourdeau, Mem. Soc. Geol. France, 
104 Peli it Woe ee laudN sw FiGS 5287 94. 

1968: Ancyrgchitina striata Taugourdeau, van Boekel, Dept. Nacional 
Prod. Mins Divis Gealse Min sodA6n Din 9s. Pe LL sf GS sme 593. 

1971: Ancyrochitina striata Taugourdeau, Costa, An. Acad. Brasil. 


Grenice, oye acess (Fig. 12). 


DESCRIPTION: Test medium size, flask-shaped; body chamber high coni- 
cal; neck short, 1/4 to 1/3 total length of the test; flexure broad, 
distinct; shoulder absent or weakly developed; basal edge sharp with 

a few, simple, elongate, tapering basal processes which are usually 
broken off in most of the specimens examined; base flat to convex; 

wall folded along the vertical axis of the text, occasionally folding 

is criss-crossed; a few thin spines may occur at the lip; prosome, short, 
plug-like or long and annuiated within the neck, some specimens are 


devoid of the prosome. 


DIMENSIONS (in microns): 20 specimens measured. 


Total Neck Chamber Neck Aperture 

Length © Length Diameter Diameter Diameter 
Range: 130-180 37-46 70-96 28-56 26-44 
Mean: 146 40 87 37 34 


ILLUSTRATED SPECIMENS: 

Pl. IV, fig. 1, Sample SE/10-1/8400/1, Co-ordinate 125.0/35.6 
PT. IV, fig. 2, Sample A-1/1318-1320/1, Co-ordinate 118.6/46.3 
Pl. IV, fig. 3 Sample A-1/1318-1320/2, Co-ordinate 115.2/39.8 
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Pl. iV, fig. 4, Sample A-1/1318-1320/4, Co-ordinate 117.6/28.5 
Pl. IV, fig. 5, Sample A-1/1266-1268/1, Co-ordinate 119.2/32.4 
Pl. IV, fig. 7, Sample UC/19-2A/8260/2, Co-ordinate 117.8/31.2 
Pl. IV, fig. 8, Sample UC/19-2A/8290/3, Co-ordinate 112.0/34.1 
Pl. XVII, fig. 11, Sample SE/10-1/8850/2, Co-ordinate 118.5/60,3 
Pl. XVII, fig. 12, Sampie SE/10-1/8800/3, Co-ordinate 124.5/35.9 


LOCALITY: This species occurs commonly in all the three wells. In 
the UC/19-2A well, the species occurs commonly within the interval 
8,260-8,450 feet depth. In the SE/10-1 well it occurs between 8,240- 
8,650 feet and in the A-1 well it was observed between 4,178-4,184 


feet. 


OCCURRENCE AND STRATIGRAPHIC RANGE: This species was first described 
from the Famennian of the Sahara, North Africa, (Taugourdeau, 1963). 
It has been reported from the Middle Devonian in Brazil, South America 
(Boekel, 1968; Costa, 1971). The species appears restricted to tne 


Middle and Upper Devonian. 


REMARKS: The characteristic features of this species are its high coni- 
cal body chamber, short neck, and the distinctive folding of the wall 
along the vertical axis of the test. The Ghanaian specimens of this 


species are closely similar to the Saharan and Brazilian specimens. 


ANCYROCHITINA sp. cf. A. CORNIGERA Collinson and Scott, 1958 
Plate IV, Figures 9-12 


1958: Ancyrochitina cornigera Collinson and Scott, Illinois State 
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GeO pour veuesrce 24/, p. 19, Pl..2, figs, 4, 5315-19, text« 
fig. 8. 

1959: Ancyrochitina cornigera Collinson and Scott, Dunn, Jour. Paleont. 
3346) 1p, 10ssta Plas 126an figs: s 17~21.., 

1971: Ancyrochitina cf. A. cornigera Collinson and Scott, Legault, 
Unpubl. Ph.D. Thesis, Univ. Oklahoma, p. 89, Pl. I, figs. 3-9, 
PlsoLE, ti0s~ dese 


1971: Ancyrochitina cornigera Collinson and Scott, Costa, An. Acad. 


BYiab id) € Teneo 4S £pia218),} (Figsod)s 
1972: Ancyrochitina cornigera Collinson and Scott, Urban, Bull. Amer. 
Ral corte? 6310275) 902 12 so PA Madd Fil gSaydi-d 2. : 


DESCRIPTION: Test medium size with high conical body chamber and a 
short cylindrical to sub-cylindrical neck, 1/4 to 1/3 of the total 
length of the test; neck usually flaring orally; basal edge sharp, 
with a few (commonly less than six) short, simple spine-like basal 
processes of about 37 microns long and 12 microns maximum diameter; 
these basal processes taper rapidly and may be straight or curved in- 
wards towards the base of the body chamber; base flat to convex: wall 
smooth, lip thin, transparent and may bear long thin spines; prosome 


short, plug-like at the base of the neck. 


DIMENSIONS (in microns): 10 specimens measured. 


Total Neck Chamber Neck Aperture 
Length Length Diameter Diameter Diameter. 
Range: 124-205 31-50 78-90: eee 35-47 


Mean: 155 46 84 37 40 
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ILLUSTRATED SPECIMENS : 

Pl. IV, fig. 9, Sample UC/19-2A/8350/4, Co-ordinate 114.3/28.8 

PROV, cig. 10, Sample UC/19-2A/9010/2, Co-ordinate 115.7/56.7 
PL. IV, ftig..11; Sample UC/19-2A/8350/1, Co-ordinate 123.2/34.2 
Pl. IV, fig. 12, Sample UC/19-2A/9010/4, Co-ordinate 115.7/68.0 


LOCALITY: This species occurs in all the three wells studied. 


OCCURRENCE AND STRATIGRAPHIC RANGE: This species was first described 
from the Middle Devonian Cedar Valley Formation of Illinois (Collinson 
and Scott, 1958). It has been reported from the Same formation in 

Iowa (Dunn, 1959; Urban, 1972), and Middle Devonian Hamilton Group of 
southern Ontario (Legault, 1971, Unpubl. Ph.D. Thesis). The species re 
also been recorded from the Middle Devonian in Brazil (Costa, 1971). 


The species appears restricted to the Middle Devonian. 


REMARKS: The Ghanaian specimens of this species have much shorter 
and flaring necks. They have general resemblence in the shape of the 
test and the nature of the basal processes, particularly to the Cedar 


Valley Formation specimens. 


ANCYROCHITINA LANGEI Sommer and van Boekel, 1964 
Plate V, Figures 1-4 


1964: shitesetra Roi langei Sommer and van Boekel, An. Acad. Bras. 
CTO eu bs ALi tle werd. 1 gle ails. 1 G5, w0s Omen Uns 4 
1967: Ancyrochitina langei Sommer and van Boekel, Lange, Bol. Paranaense 
Geociencias 21/22, ps 705 Pl. 1, figs. 8, 9. 
1968: Ancyrochitina langei Sommer and van Boekel, Dept. Nacional Prod. 
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Ancyrochitina langei Sommer and van Boekel, Costa, An. Acad. 


Ancyrochitina cf. A. langei Sommer and van Boekel, Legault, 


Unpubl. Ph.D. Thesis, Univ. OR MaMa. Dw 90, Pls Lig figs .l.. 
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DESCRIPTION: 


Test cylindro-conical; length of neck about 2/5 the 


overall length of the test; lip occasionally slightly flared; flexure 


broad; shoulder absent; basal edge sharp but rounded with a few (six 


or less) simple, stout or occasionally bifurcate spine-like basal pro- 


cesses 31-40 microns long and 6.2-9.3 microns maximum diameter; base 


flat to convex; lip ornamented with variable spines which are usually 


short and stout or occasionally thin and lcGng; wail smooth; prosome 


Short to elongate, plug-like, within the neck. 


Range: 


Mean: 


ILLUSTRATED 
Py 
Pa. 
ae 
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LOCALITY: 


DIMENSIONS (in microns): 20 specimens measured. 


Total Neck Chamber Neck 


Length Length Diameter Diameter 
155-217 62-112 78-109 37-47 

201 84 84 43 
SPECIMENS: 


1, Sample UC/19-2A/8550/1, Co-ordinate 122.0/61.0 
2, Sample UC/19-2A/9010/3, Co-ordinate 119.0/28.4 
3, Sample UC/19-2A/8500/5, Co-ordinate 115.0/22.5 
4, Sample UC/19-2A/8880/1, Co-ordinate 121.6/63.3 


Aperture 
Diameter 


37-47 
44 


This species occurs commonly in all the three wells studied. 
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OCCURRENCE AND STRATIGRAPHIC RANGE: This species occurs commonly in 
Middle Devonian sediments in Brazil from ys it was first described 
(Sommer and van Boekel, 1964; Lange, 1967, Boekel, 1968; Costa, 1971). 
The species has also been recorded from the Middle Devonian Hamilton 


Group in southern Ontario (Legault, 1971, Unpubl. Ph.D. Thesis). The 


Species appears restricted to the Middle Devonian. 


REMARKS: Sommer and van Boekel (1964 in Lange, 1967, p. 70) in their 
description of this species indicated that "the principal character of 
this species is the presence of regularly developed spines in variable 
number, around the oral tube. These spines seem to be of a different 
nature as the basal appendices: they are shorter and thinner". Two 
to six "basal appendices" were recorded for the Brazilian specimens and 
were described as "simple developed, stouter at the base, tapering to 
extremity, slightly curved". All the features described for the Brazil- 
ian specimens of this species were Vdoeheed from the Ghanaian specimens 
but in addition to these, some specimens have bifurcate basal processes 
(e.g.: Pl. V, fig. 2).° This variety of A. langei differs distinctly 
from A. sp. cf. A. ancyrea found from the Ghanian Devonian sediments 
by their higher conical body chambers. | 

The overall length of the Ghanaian specimens ranges between 
187-217 microns as compared with 140-228 microns recorded by Lange 


(op. cit.) for the Brazilian specimens. 


ANCYROCHITINA sp. cf. A. GUMERSINDA Cramer, 1964 
Plate V, Figures 5, 6(?), 7(?) 
Text-figure 15a 


1964: Ancyrochitina gumersinda Cramer, Leidse Geol. Med. 30, p. 339, 
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DESCRIPTION: Test funnel-shaped with short conical body chamber and 
a long cylindrical neck; basal edge rounded with a few (two or more) 
simple basal processes which are usually broken off; base convex; wall 
smooth; prosome short, elongate, plug-like within the upper portion of 


the neck. 


DIMENSIONS (in microns): 6 specimens measured, 


Total Neck Chamber Neck Aperture 

Length Length Diameter Diameter Diameter 
Range: 220-290 114-220 80-103 48-52 SSO e od. 
Mean: 244 ig ah, 93 90 50 


ILLUSTRATED SPECIMENS: 

Pl. V, fig. 5, Sample UC/19-2A/8880/4, Co-ordinate 125.0/55.8 
Pl. V, fig. 6, Sample UC/19-2A/9010/1, Co-ordinate 115.0/49.7 
Pi. V, fig. 7, Sample UC/19-2A/8880/1, Co-ordinate 121.6/48.0 


LOCALITY: This species is rare. A few specimens were found in the 
UC/19-2A well within 8880-9010 ft. depth, and one specimen (not indi- 
cated on range chart) from A-1 well at about 4,798-4,805 ft. depth in the 


well. 


OCCURRENCE AND STRATIGRAPHIC RANGE: This species was first described 


from the Lower Devonian in NW Spain (Cramer, 1964). 


REMARKS: The disporportionately long, cylindrical necks observed for 


the Ghanaian specimens are closely similar to those of the Spanish 
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Specimens. However, some specimens observed have relatively higher 
conical body chambers and appear to be highly variant forms of A. langei 
PPP, TigswsG, 7). 

The size range of the Ghanaian specimens of A. gumersinda 
is 220-290 microns as compared with 225-250 microns recorded by Cramer 


for the Spanish specimens. 


ANCYROCHITINA TOMENTOSA Taugourdeau and Jekhowsky, 1960 
Plate VI, Figures 9-11 

1960: Ancyrochitina tomentosa Taugourdeau and Jekhowsky, Rev. Inst. 
Prpetrole yy (oy, Deeiceds Pils Il, f19Ss, 2/7, 28% 

1962: Ancyrochitina tomentosa Taugourdeau and Jekhowsky, Taugourceau, 
Rev. Micropaleo., 4(4), p.231, Pl. I, figs. 8-11. 

1965: Ancyrochitina tomentosa Taugourdeau and Jekhowsky, Taugourdeau, 
Rev. Micropaléo., 8(2), p. 65, Pl. 1, figs. 4-11. 

1966: Ancyrochitina tomentosa Taugourdeau and Jekhowsky, Taugourdeau, 
Mem. Soc. Geol. France, 104, Pl. II, figs. 30-31. 

1967: ovens tomentosa Taugourdeau and Jekhowsky, Beju, Rev. 
Paleopot. and Palynol., 5(1-4), Pl’. Ll, figs. 11, 2. 

1971: Ancyrochitina tomentosa Taugourdeau and Jekhowsky, Legault, 


Unpub1. Ph. D. Thesis, Univ. Oklahoma, p. 102, Rl. IV, fig. 2. 


DESCRIPTION: Test medium size, cylindro-conical; length of neck about 
2/5 the total length of the test; flexure distinct, broad; shoulder 
weakly developed to absent; basal edge broadly rounded with thick, 
elongate, often bifurcate spine-like processes; base convex; wall orna- 


mented with randomly distributed simple and bifurcate spines; prosome 
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dark, short, plug-like within the neck. 


DIMENSIONS (in microns): 20 specimens measured. 


Total Neck Chamber Neck Aperture 

Length Length Diameter Diameter Diameter 
Range: 135-189 43-83 73-97 37-45 43-47 
Mean: 148 65 85 40 46 


ILLUSTRATED SPECIMENS: 

Pi. VI, fig. 9, Sample SE/10-1/8300/1, Co-ordinate 122.6/38.5 
Pl. VI, fig. 10, Sample SE/10-1/8300/1, Co-ordinate 120.8/35.6 
Pl. VI, fig. 11, Sample SE/10-1/8300/2, Co-ordinate 115.0/30.8 


LOCALITY: This species occurs commonly in all the three wells studied. 
In the SE/10-1 weil, the species was found between 8,240-9,050 ft. depth, 
In the UC/19-2A well, the species occurs between 8,480-9,010 feet, 


and in the A-1 well, it was observed between 4,160-4,750 feet, 


OCCURRENCE AND STRATIGRAPHIC RANGE: This species has been recorded 
from the Silurian-Middle Devonian in the Sahara (Taugourdeau and Jek- 
howsky, 1960), Middle Devonian (Eifelian-Givetian) in Edjele, Sahara 
(Taugourdeau, 1962); Upper Devonian (Middle Frasnian), Boulonnais (Tau- 
gourdeau, 1965); Middle Devonian, Morocco (Grignani and Mantovani, 
1964). The species has also been reported from the Lower Devonian of 
Romania (Beju, 1967), and the Middle Devonian (Givetian) Hamilton Group 
in southern Ontario, Canada (Legault, 1971, Unpubl. Ph.D. Thesis). The 
stratigraphic range of this species is Silurian to lower Upper Devonian 


(Frasnian). 
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REMARKS: The Ghanaian specimens of: this species are closely similar 


to the other specimens recorded elsewhere. 


ANCYROCHITINA sp. cf. A. SPINOSA (Eisenack, 1932) Eisenack, 1959 


Plate VIII, Figures 144 


1932: Conochitina spinosa Eisenack, Palaont. Zeitschr., 14, p. 270, 
Pl ie, tids.. ti-i3. 

1959: Ancyrochitina spinosa (Eisenack), Eisenack, N. Jahrb. Geol. 
Ral ddut. Abhamb0e, (i /1LS PMP Wee af igs.clsi2. 

1959: Ancyrochitina spinosa (Eisenack), Dunn, Jour. Paleont. 33(6), 
p. 1013, P1..127, figs. 19-23. 

1966: Ancyrochitina spinosa (Eisenack ), Boekel, Dept. Nacional Pred. 
Man. Dav.-Geole Min7146 40. TO. bbs Ill, fig. 7: 

1970: Ancyrochitina cf. A. spinosa (Eisenack), Eisenack, Urban and 
Kline, Jour. Paleont. 44(1), p. 71, Pl. 18, figs. 1-3, 14. 

197i: ‘Ancyrochitina spinosa (Eisenack), Costa, An. Acad. Brasil, Cienc., 
43, Dy 2ltemios Os 

1972: Ancyrochitina cf. A. spinosa (Eisenack) Eisenack, Urban, Bull. 
Arenm Paleont n636275)4, well, Pils] pigs . sg. 

DESCRIPTION: Test medium size, flask shaped; body chamber high conical; 


neck short, cylindrical, about 1/3 of the total length of the test; 


flexure broad; shoulder absent; basal edge rounded to sub-rounded 


occasionally with long thick bifurcate or ramified basal processes, 


which are often broken off in many specimens; base convex; wall densely 


ornamented with simple and bifurcate spines 9.5-16 microns long and 3.1- 


4.2 microns diameter at the base; prosome plug-like within the neck or 
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absent in some specimens. 


DIMENSIONS (in microns): 4 specimens measured. 


Total Neck Chamber Neck Aperture 

Length Lengtn Diameter Diameter Diameter 
Range: 140-146 51-56 101-108 A1-43 41-43 
Mean: 145 53 106 42 42 


ILLUSTRATED SPECIMENS: 

PVAVEELS Fig. 1. Sample UC/19-24/8290/4, Co-ordinate 116.4/38.0 
Pl. VIII, fig. 2, Sample SE/10-1/8600/4, Co-ordinate 120.0/38.0 
ol VIII, fig. 3, Sample UC/19-2A/9010/4, Co-ordinate 125.4/58.2 
Pl. VITI, fig. 4, Sample UC/19-2A/9010/2, Co-ordinate 123.6/37.3 


LOCALITY: This species occurs in ali the three wells but is rare. 


(It is not indicated on the range charts). 


OCCURRENCE AND STRATIGRAPHIC RANGE: This species was first described 
from Silurian sediments in the Baltic Region by Eisenack. The species 
has been observed from several Middle Devonian sediments in North 
America (Dunn, 1959; Urban and Kline, 1970; Urban, 1972), and South 
America (Boekel, 1966; Costa, 1971). The stratigraphic range of this | 


Species is Lower Silurian to Middle Devonian. 


REMARKS: This species has general resemblance to Ancyrochitina sp. 
cf. A. sp. Jansonius which occurs commonly in the Ghanaian chitinozoan 
assemblage except that it has higher conical body chamber and somewhat 
longer cylindrical neck as compared with smaller size, lower conical 


body chamber and shorter flaring neck of A. sp. cf. A. sp. Jansonius. 
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ANCYROCHITINA sp. cf. A. DESMEA Eisenack, 1964 
Plate IV, Figures 14-16 
1964: Ancyrochitina desmea Eisenack N. Jahrb. Palaont., Abh., 120(3), 
Ber Ico yer secs pat Ags. "Or ) 
1967: Ancyrochitina cf. A. desmea Eisenack, Lange, Bol. Paranaense de 
GeOCiencias. 2i/2e, rl. ts TGS. 456. 


1971: Ancyrochitina desmea Eisenack, Costa, An. Acad. Brasil. Ciénc. 


ND gh tceiAl 5 Peal was veda be 
1971: Ancyrochitina cf. A. desmea Eisenack, Legault, Unpubl. Ph.D. 
miesiss Unive Ok lanone sp .u02,. Pili din figs. 4-6. 


DESCRIPTION: Test flask shaped; cylindro-conical; length of tne neck 
about 1/3 total length of the test; flexure broad, distinct; shoulder 
absent; basal edge sharp; base convex; basal processes thick, ramified 
and bent in the direction of the oral pole; similar ramified processes 
occur on the neck, just a little below the edge of the lip; wall smooth; 


prosome, short, plug-like at the base of the neck. 


DIMENSIONS (in microns): 5 specimens measured. 


Total Neck Chamber Neck Aperture 
Length Length Diameter Diameter Diameter 
Range: 124-186 33-66 93-106 40-41 40-42 


Mean: 155 50 100 41 41 


ILLUSTRATED SPECIMENS: 
Pl. IV, figs. 14, 15, Sample SE/10-1/8500/3, Co-ordinate 124.7/2 .6 
Pl. IV, fig. 16, Sample SE/10-1/8850/2, Co-ordinate 125.2/70.5 


LOCALITY: This species is rare; a few specimens were observed in the 
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SE/10-1 well and the A-1 well. 


OCCURRENCE AND STRATIGRAPHIC RANGE: This species was first described 
from Silurian sediments in the Baltic Region by Eisenack. The species 
has been reported from the Middle Devonian of Brazil (Lange, 1967; Costa, 
1971), and from the Middle Devonian Hamilton Group in southern Ontario, 
Canada (Legault, 1971). The stratigraphic range of this species is 


Lower Silurian to Middle Devonian. 


REMARKS: The characteristic features of this species as described by 
Eisenack are the strong, antler-like ramified appendages around the 
basal periphery, which generally are bent in the oral direction and 

also similar strongly ramified appendages about the neck. These charac- 
ice of A. desmea were observed in the Ghanaian specimens; however, 
the appendages on the neck of the Ghanaian specimens are iocated just 

a little below the tip of the lip or the upper portion of the neck, 
rather than at the mid-length of the neck. 

Some specimens of Ancyrochitina sp. cf. A. ancyrea observed 
in the Ghanaian samples have similar ramified appendages. But the 
appendages on the basal edge eu processes) of these specimens are 
usually bent downwards aborally rather than are bent in the oral direc- 


tion. Besides, the appendages of A. sp. cf. A. ancyrea are located at 


the lip rather than at the mid-length of the neck. 


ANCYROCHITINA TUMIDA Taugourdeau and Jekhowsky 
Plate I, Figures 3, 4 | 
Plate IV, Figure 13 


1960: Ancyrochitina tumida Taugourdeau and Jekhowsky, Rev. Inst. Fr. 
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Petrole XV(9), p. 1221, Pl. II, figs. 30, 31. 
1971: Ancyrochitina cf. A. tumida Taugourdeau and Jekhowsky, Legault, 


Unpuotl. Ph.D. Tnesis, 2. 1034. Pl. IV. figs. 3-/. 


DESCRIPTION: Test small with sub-globular body chamber and short, 
flaring neck about 1/3 total length of test; basal edge rounded with 4-6 
anchor-like processes, 30-45 microns long and 4-8 microns maximum dia- 
meter; about four similar anchor-like spines occur at the edge of the 


lip; wall smooth; prosome not observed. 


DIMENSIONS (in microns): 4 specimens measured. 


Total Neck Chamber Neck Aperture 

Length Length Diameter Diameter Diameter 
Range: 107-108 30-31 78-80 26-27 30-31 
Mean: 108 31 7 80 26 34 


ILLUSTRATED SPECIMENS: 
Pl. I, figs. 3, 4, Sample UC/19-2A/8520 
Pi. IV, fig. 13, Sample SE/10-1/8700/1, Co-ordinate 119.5/43.8 


LOCATION: This species occurs in all the three wells but is rare 


OCCURRENCE AND STRATIGRAPHIC RANGE: This species was described from 

the Silurian to Middle Devonian of the Sahara (Taugourdeau and Jekhowsky, 
1960). The species has also been reported from the Middle Devonian 
(Givetian) Hamilton Group in southern Ontario (Legault, 1971) Unpubl. 


Ph.D. Thesis). 
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ANCYROCHITINA sp. cf. A. sp. Jansonius, 1967 
Plate VIII, Figures 5-19 
Text-figure 15b 
1967: Ancyrochitina sp. Jansonius, Rev. Palaeobot. Palynol., 1, p. 356, 


Plt, FagsteQuR: 


DESCRIPTION: Test small to medium size with conical body chamber and 

a short flaring neck, length of neck 1/4 - 1/5 total length of the test; 
flexure distinct; shoulder weakly developed or absent; basal edge rounded 
with a few bifurcating or simple spine-like processes which are usually 
broken off in many specimens observed; base convex; wall crnamented with 
thin, simple and bifurcate spines 6-16 microns long and 1.5-3.1 microns 
diameter at the base, occasionally.spines are short and sparsely distri- 
buted on body; prosome, short, plug-like at the base of the neck or ab- 


sent in some specimens. 


DIMENSIONS (in microns): 20 specimens measured. 


Total Neck Chamber Neck Aperture 

Length Length Diameter Diameter Diameter 
Range: 97-124 20-25 84-87 28-35 37-47 
Mean: 121 23 36 30 40 


ILLUSTRATED SPECIMENS: 

P1. VIII, fig. 5, Sample UC/19=2A/8380/3, Co-ordinate 119.2/35.0 
Pl. VIII, fig. 6, Sample UC/19-2A/9010/3, Co-ordinate 110.8/43.2 
Pl. VIII, fig. 7, Sample A-1/1298-1300/4, Co-ordinate 120.3/44.8 
Pl. VIII, fig. 8, Sample A-1/1298-1300/5, Co-ordinate 118.0/43.8 
Pl. VIII, fig. 9, Sample UC/19-2A/8380/3, Co-ordinate 121.6/51.7 
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Pl. VIII, fig. 10, Sample UC/19-2A/8290/1, Co-ordinate 115.5/32.7 
Pl. VIII, fig. 11, Sample UC/19-2A/9910/3, Co-ordinate 120.9/27.8 
Pl. VIII, fig. 12, Sample SE/10-1/9050/1, Co-ordinate 112.0/24.4 
Pl. VIII, fig. 13, Sample SE/10-1/8220/5, Co-ordinate 117.0/26.5 
Pl. VIII, fig. 14, Sample UC/19-2A/8380/3, Co-ordinate 119.2/35.0 
Pl. VIII, fig. 15, Sample SE/10-1/8300/4, Co-ordinate 125.0/33.6 
Pl. VIII, fig. 16, Sample SE/10-1/8300/5, Co-ordinate 119.2/30.2 
Pi. VIII, fig. 17, Sample A-1/1298-1300/1, Co-ordinate 122.0/39.0 
Pl. VIII, fig. 18, Sample A-1/1298-1300/4, Co-ordinate 110.0/38.7 
PI..Vill, fig. 19, Sample SE/10-1/9000/5, Co-ordinate .122.38/26.5 


LOCALITY: This species occurs in al] the three wells studied. In 
UC/19-2A well, the species occurs commonly within the interval 8,290- 
8,450 feet depth, in the SE/10-1 well the species occurs rather sparingly 
at various depths. Only a few specimens of the species were observed 


in the A-1 well. 


OCCURRENCE AND STRATIGRAPHIC RANGE: This species was recorded from Fras- 
nian sediments (Hay River, Northwest Territories, Canada) by Jansonius 


(1967). 


REMARKS: This species differs from Ancyrochitina spinosa Eisenack by 

its smaller size, lower conical body chamber and usually rapidly flaring 
necks. The Ghanaian specimens have similarity in shape of the test to 
the Canadian specimens but have less spinose ornamentation as compared 
with the Canadian specimens. The species appears to be generally similar 
to an undescribed Ancyrochitina sp. figured by Taugourdeau (1906. Pr. Tl, 


fig. 27) from the Frasnian of the Sahara. 
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?ANCYROCHITINA sp. cf. A. AEQUORIS Urban and Kline, 1970 


Plate X, Figures 14-17 


1970: Ancyrochitina aequoris Urban and Kline, Jour. Paleont., 44 (1) 
Do7l, Pie to, 1108. 0-9, 15417, 


DESCRIPTION: Test medium size; body chamber sub-cylindrical to sub-coni- 
cal with maximum diameter at the basal edqe and slightly tapering in the 
oral direction; neck cylindrical, about 1/3-1/4 total length of the test; 
flexure distinct; shoulder distinct; basal edge sub-rounded, base convex; 
wall ornamented with flattened spines parallel to oral-aboral axis, spines 
are simple, bifurcate and multifurcate, length of spines S.0-16.4 microns, 
maximum diameter 4.6-6.2 microns at the base, spines may be vertically 


aligned or randomly distributed; prosome plug-like within the neck. 


DIMENSIONS (in microns): 20 specimens measured. 


Total Neck Chamber Neck Aperture 

Lenqth Length Diameter Diameter Diameter 
Range: 143-161 31-56 _ 84-99 37-44 37-44 
Mean: 155 43 85 AQ 40 


ILLUSTRATED SPECIMENS: 

Pl. X, fig. 14; Sample A-1/1298-1300/3, Co-ordinate 114.8/32.9 
Pl. X, fig. 15; Sample A-1/1286-1288/3, Co-ordinate 114.8/39.1 
Pl. X, fig. 16, Sample A-1/1286-1288/2, Co-ordinate 119.7/38.7 
Pl. X, fig. 17, Sample A-1/1522-1534/1, Co-ordinate 125.4/31.2 


LOCALITY: This species occurs commonly at various sections in A-1 well. 


It was not observed from the other two wells. 
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Figure i6a-e. Morphological Variation of Ancyrochitina sp. 1 from the 
Devonian of Ghana. ‘(Semi-diagrammatic. Magnification 
of all iliustrated specimens X300). 
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OCCURRENCE AND STRATIGRAPHIC RANGE: This species was described from the 
Middle Devonian Cedar City Formation of Missouri by Urban and Kline (1970). 


The species appears restricted to the Middle Devonian. 


REMARKS: The Ghanaian specimens of this species have much shorter necks 
compared with the Cedar City Formation specimens. The spine distribution 
of most of the Ghanaian specimens is random. 

This species differs from Angochitina callawayensis Urban and 
Kline which also exhibits vertical alignment of the spine distribution, 
by its characteristic cylindro-conoid shape of the test and shorter necks. 
Specimens of Angochitina callawayensis observed from the Ghanaian sedi- 


ments generally display simple and bifurcate spines. 


ANCYROCHITINA sp. 1 
Plate III, Figures 9-11; 14-18 
Plate IV, Fiaure 6 
Plate IX, Figures 9-16 
Plate XVII, Figures 8, 9 


Text-figures l6a-e 


DESCRIPTION: Test medium size, elongate with high conical body chamber 

and very short neck from the body chamber but flared orally; flexure 

broad, indistinct; shoulder absent; basal edge sharp or occasionally 
rounded with six or less simple, long, tapering, spine-like basal processes 
which are usually lost in most of the specimens observed; base slightly 
convex; wall finely hispid to scaley, usually with distinct horizontal 


striations or growth lines (?), prosome short, plug-like at the base 
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of the neck, or annulated with a series of rings or discs within the 


neck. 
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DIMENSIONS (in microns): 20 specimens measured. 


Total Neck Chamber Neck Aperture 
Length Length Diameter Diameter Diameter 
180 60(?) 99 el 36 
145-185 14-57(?) 73-100 23-48 27-57 
167 34(?) 84 33 4] 


ILLUSTRATED SPECIMENS 


9, Sample SE/10-1/8300/5, Co-ordinate 121.7/32.0 
10, Sample SE/10-1/8300/3, Co-ordinate 118.5/37.2 
11, Sample SE/10-1/8600/1, Co-ordinate 113.7/31.7 
14, Sample SE/10-1/8600/4, Co-ordinate 123.0/35.2 
15, Sample A-1/1298-1300/3, Co-ordinate 118.5/37.3 
16, Sample A-1/1298-1300/3, Co-ordinate 125.5/31.7 
17, Sample A-1/1298-1300/1, Co-ordinate 121.7/35.3 
18, Sample SE/10-1/8300/5, Co-ordinate 114.8/45.6 


IV, fig. 6, Sample UC/19-2A/8260/2, Co-ordinate 117.8/31.5 


IX; 
IX, 
LX; 
IX, 
TX 
IX, 


TG. 
fig. 


10, Sample A-1/1404-1406/1, Co-ordinate 120.0/32.4 
11, Sample A-1/1298-1300/4, Co-ordinate 111.2/29.3 


. 12, Sample A-1/1318-1320/2, Co-ordinate 111.0/36.0 
. 13, Sample A-1/1450-1452/3, Co-ordinate 126.2/24.6 
. 14, Sample A-1/1298-1300/5, Co-ordinate 115.5/39.8 
. 15, Sample A-1/1298-13090/4, Co-ordinate 113.5/40.7 
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Piewd Xetit 194, 165 Sample A-1/1318-1320/4, Co-ordinate 123.8/43.8 
Pl. XVII, fig. 8, Sample A-1/1350-1352/1, Co-ordinate 125/3.39.8 
Pl. XVII, fig. 9, Sample A-1/1522-1524/1, Co-ordinate 126.6/32.2 


LOCALITY: This species forms one of the important components of the 
chitinozoan assemblage in the A-1 well. It was found from about 4,600 
feet to the bottom of the well at about 5,000 feet depth. A few specimens 
of this species were also found in the SE/10-1 well between 8,300 feet 

to 8,850 feet depth, and between 8, 260-8, 350 feet depth in the UC/19-2A 


well. 


REMARKS: This species has general similarity in the shape of the test 


to Ancyrochitina striata Taugourdeau but lacks the distinct folding of 


the test which is characteristic of A. striata. 


ANCYROCHITINA sp. 2 
Plate VI, Figures 1-8 
Test-figure 14c-d 


DESCRIPTION: Test flask shaped, cylindro-spheroid; neck, 1/3-1/2 total 
length of the test; six or less usually short, but variously shaped basal 
processes occur symmetrically around the lower hemisphere of the body 
chamber; these short basal processes may be chisel-shaped, clavate, bifur- 
cated or long spine-like; lip may be slightly flared and ornamented by 
thin, short, simple spines; wall smooth; prosome probably short, plug- 


like at the base of the neck. 
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DIMENSIONS (in microns): 10 specimens measured, 


Total Neck Chamber Neck Aperture 
Length Length Diameter Diameter Diameter 
Phe Vell, 
fig. 2: 155 84 96 40 40 
Range: 120-160 43-86 81-120 38-40 40-43 
Mean: 150 64 95 39 42 
LOCALITY: This species occurs commonly in all the three wells studied. 


ILLUSTRATED SPECIMENS: 


Pl. 
Pl. 
Pl. 
Pl. 
Pl. 
Pl. 


Viget ag. 
RUG, 
fig. 
79% 
fig. 
fig. 


1, Sample 
2, Sample 
3, Sample 
4, Sample 
5, Sample 
6, Sample 


UC/19-2A/8770/1, 
UC/19-2A/9010/3, 
A-1/1488-1490/1, 
UC/19-2A/9010/4,: 
UC/19-2A/8700/3, 
UC/19-2A/8350/2, 


Co-ordinate 
Co-ordinate 
Co-ordinate 
Co-ordinate 
Co-ordinate 


Co-ordinate 


118.0/44, 
11S. 6/2). 
Lie 30, 
123, S749), 
124.3/60. 
114.2/69. 


Pir fig. 7, Sample SE/10-1/9050/2, Co-ordinate 116.7/60.2 


Pl. VI, fig. 8, Sample SE/10-1/8700/2, Co-ordinate 111.0/54.0 


REMARKS: The characteristic features of this species are the almost 
spherical body chamber and variously shaped basal processes symmetrically 


arranged near the lower hemisphere of the body chamber. 


ANCYROCHITINA sp. 3 
Plate VII, Figures 1-12, 14-15 


DESCRIPTION: Test small; body chamber conical shaped; neck short and 


flaring, about 1/4 overall length of test; flexure broad, distinct; 
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‘shoulder absent or weakly developed; basal edge sharp or rounded usually 


with short spine-like basal processes or rarely multibranched basal pro- 


cesses; base convex; wall smooth; prosome, short, plug-like at the base 


of the neck or annulated with a series of circular discs within the neck. 


DIMENSIONS (in microns): 20 specimens measured. 
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Total Neck Chamber Neck 
Length Length © Diameter Diameter 
109 SH | 90 37 
109-130 25-43 81-109 25-37 

aks 31 96 34 


ILLUSTRATED SPECIMENS: 


1, Sample UC/19-2A/8350/2, Co-ordinate 114.4/64.1 


fig. 2, Sample A-1/1350-1352/1, Co-ordinate 124.1/26.4 


fig.. 3, Sample A-1/1450-1452/1, Co-ordinate 114.4/32.4 
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Sample SE/10-1/8250/3, Co-ordinate 129.2/36.8 
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Sample SE/10-1/8600/3, Co-ordinate 114.0/41.4 
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Sample UC/19-2A/8880/3, Co-ordinate 112.4/23.0 
Sample A-1/1298-1300/2, Co-ordinate 117.2/37.6 
Sample SE/10-1/8400/2, Co-ordinate 114.2/34.2 
Sample SE/10-1/8250/5, Co-ordinate 114.8/31.8 


. 10, Sample SE/10-1/8250/6, Co-ordinate 118.7/42.4 
. 11, Sample SE/10-1/8300/5, Co-ordinate 120.0/29.2 
. 12, Sample SE/10-1/8600/3, Co-ordinate 126.0/35.4 
. 14, Sample SE/10-1/8350/2, Co-ordinate 120.7/25.0 


15, Sample UC/19-2A/8400/2, Co-ordinate 118.2/62.8 
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LOCALITY: This species is common in all the three wells studied. 


REMARKS: This species is similar to Ancyrochitina sp. cf. A. sp. Jan- 
sonius in the shape of test, but differs from it by the absence of spi- 
nose ornamentation. Some specimens of A. sp. 3 show incipient Folaine of 
the wall while others show finely hispid ornamentation of the wall; these 
features are characteristic of Ancyrochitina striata and Ancyrochitina 

sp. 1, respectively. Ancyrochitina striata and Ancyrochitina sp. 1, 
however, are much larger in size and have much higher conical body cham- 
bers. Ancyrocnitina sp. 3 also resembles some undescribed Ancyrochitina 
sp. figured by Taugourdeau (1966, Pl. I, fig. 5, Pl. Il, fig. 37) from the 


Devonian of the Sahara. 


? ANCYROCHITINA sp. 4 
Plate VI, Figure 15 


Text-fiaure 15e 


DESCRIPTION: Test bottle shaped; chamber constricted at about the lower 
third of the test; neck short, flaring, about 1/6 the total length of the 
tests; flexure broad, indistinct; shoulder distinct; basal edge rounded 
with six of less thick, long, multibranched basal processes 20-30 mi- 
crons long, 5-6 microns diameter at the base; similar but thinner spine- 
like processes occur at the constriction of the chamber and at the edge 
of the lip; wall thick, opaque, and smooth except at the ornamentation at 


the constriction and the lip; prosome not observed. 
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DIMENSIONS (in microns): 3 specimens measured. 


Total Neck Chamber Neck Aperture 
Length Length Diameter Diameter Diameter 
Bis Vis 
Fig. 15: 228 34 73 Al 44 
Range: 227-228 34 73-74 40-41 43-44 
Mean: 228 34 73 4i 44 


ILLUSTRATED SPECIMEN: | 
Sample UC/19-2A/8500/6, Co-ordinate 119.4/43.0 


LOCALITY: This species was observed in all the three wells studied but 


73>; rare. 


ANCYROCHITINA sp. 5 
Plate Vid,-rigures is, 165. 1/ 


DESCRIPTION: Test medium size, cylindro-conoid; length cf neck, 1/2 

the total length of the test; flexure broad and distinct; shoulder weakly 
developed; basal edge sharp with a few simple spine-like basal processes 
which are usually broken off; base convex, wall densely and uniformly 
ornamented with simple, short minute spines of less than two microns long; 


prosome, short plug-like within the neck, not observed in some specimens. 


DIMENSIONS (in microns): One specimen measured. 


Total Neck Chamber Neck Aperture 
Length Length Diameter Diameter Diameter 
OMA 221 113 80 pe 37 
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ILLUSTRATED SPECIMENS: 

Pl. VII, fig. 13, Sample SE/10-1/8350/2, Co-ordinate 120.7/25.0 
Pl. VII, fig. 16, Sample UC/19-2A;38700/3, Co-ordinate 124.7/60.6 
Pl. VII, fig. 17, Sample UC/19-2A/8700/3, Co-ordinate. 124.0/57.6 


- 


LOCALITY: This species occurs in the UC/19-2A well and the SE/10-1 well. 


It was not found in the A-1 well. 


REMARKS: Most of the specimens of this species recovered from the two 
wells mentioned above were poorly preserved. The specimens have been 
cylindrical neck and the seemingly long, spine-like basal processes (PI. 


VII, fig. 16) 


ANCYROCHITINA sp. 6 
Plate V, Figures 3-11 


Text-figure 15h 


DESCRIPTION: Test bell-shaped; body chamber conical with an expanded 
base; neck cylindrical, 2/5 total length of the test, flared at the lip; 
neck-body chamber junction constricted; basal edge sharp, rounded with six 
or less simple long, tapering spine-like basal processes of about 37 mi- 
crons long and 8 microns maximum diameter; base convex; wall smooth; lip 
thin and transparent; occasionally, long thin, simple spines occur at 


the 1ip; prosome short to elongate, plug-like, within the neck. 
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DIMENSIONS (in microns) 14 specimens measured: 


pe NG 
rig. 8 


Range: 


Mean: 


ILLUSTRATED 
Pie Y. sTigs 
Pie Vv: 
Pl. V, 
Pl. V, 


. 10, Sample A-1/1442-1444/ > . 


Total Neck Chamber Neck 
Length Length Diameter Diameter 
205 81 96 43 
155-205 62-81 93-96 34-43 
186 68 94 40 

SPECIMENS: 


8, Sample UC/19-2A/8880/1, Co-ordinate 126.7/68.0 


. 9, Sample UC/19-2A/9010/3, Co-ordinate 122.8/34.3 


Co-ordinate 117.5/44.2 


. 11, Sample UC/19-2A/8900/4, Co-ordinate 114.6/58.4 


LOCALITY: This species was observed from all the three wells. 


- REMARKS : 


Aperture 
Diameter 


56 


47-48 
50 


This species is distinguished from A. langei Sommer and van 


Boekel by its bell shape and the distinct constriction between the neck 


and the body chamber. 


DESCRIPTION: 


ANCYROCHITINA sp. 7 
Plate VI, Figures 12-14 


Text-figures 14f-g 


Test medium size, flask shaped; body chamber conical; neck 


sub-cylindrical, short, about 1/3 total length of test, slightly flared 


at the lip; flexure very broad; basal edge broadly rounded with a few 


(six or less) long, thin, multifurcate basal processes; length of basal. 


processes 50-65 microns, diameter of basal processes at the base 3.1-4.6 
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microns; base convex; wall ornamented with thin, simple bifurcate spines 
of about 12-20 microns long and 1.2-1.6 microns maximum diameter, these 
Spines are densely distributed on neck and lip, and are sparsely distri- 


buted on body chamber; prosome plug-like within the neck. 


DIMENSIONS (in microns): 2 specimens measured. 


Total Neck Chamber Neck Aperture 
Length Length Diameter Diameter Diameter 
Pie V' 
Fig. 13 149 47 99 34 3? 
Bae. 
Fig. 12 77 65 118 46 A9 


ILLUSTRATED SPECIMENS : 


Pl. V, Fig. 13, Sample SE/10-1/8700/1, Co-ordinate 118.5/66.3 
Pl. V, Fig. 12, Sample SE/10-1/8700/1, Co-ordinate 117.8/45.0 


LOCALITY: A few specimens of this species were found only from the SE/ 


10-1 well. The species was not observed from the other wells. 


REMARKS: This species differs from Ancyrochitina tomentosa Taugourdeau 
by its thin, long, and multifurcate basal processes and densely distri- 
buted multibranched spines on the body, especially on the neck and lip. 
The species appears to be Similar to "Complex" of Ancyrochitina ancyrea 
Eisenack, (1931), figured by Cramer (1973, Pl. 2, figs. 3, 4, 5, 11) from 
the Middle and Upper Silurian, Florida, U.S.A. 


Genus ANGOCHITINA Eisenack, 1931 


Type species: Angochitina echinata Eisenack, 1931 


DIAGNOSIS: Test small to medium size; body chamber oval to subrounded; 
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Figure 17. Morphological Variability of some Angochitina spp. from the 
Devonian of Ghana. (Semi-diagramnatic. Magnification of 
all illustrated specimens X300). 17a-b, Angochitina deveni- 
ca Eisenack; 16c. Angochitina Sp. Cf. A. devonica Eisenack; 
17d-e, Angochitina sp. Cf. A. devonica Eisenack; 17, Ango- 
chitina sp. Cf. A. ramosi (Sommer and van Boekel); 17g, 
Angochitina Sp. 1: 17h-i, Angochitina sp. 2. 
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neck well differentiated; flexure broad; shoulder and basal edge incon- 
spicuous; base rounded, wall ornamented with numerous small to medium 


Spines which may occasionally occur near the aperture. 


ANGOCHITINA DEVONICA Eisenack, 1955 
Plate X, Figures 1-3, 6-10,/1(?) 
Text-figures ‘pees 

1955: Angochitina devonica Pisenack. Senck, Teth. 36 (5/6), p. 318, 
Pe, Figs. 10-12, 

1958: Angochitina devonica Eisenack, Collinson and Scott, Illinois 
SGaue-Geol.-SUEVerotrC. 247, D0. 13, Plesk, cigs. 6, 9, 10,14, 18, 
20, Oi, ACA Ria, oe LOS es oes UCs COGn Centr t TGs is 

1959: Angochitina devonica Eisenack, Dunn, Jour. Paleont. 33 (6), p. 
1010, Pl. 125, figs. 1, 2, 4-8. 

1960: Anagochitina devonica Eisenack, Taugourdeau and Jekhowsky, Rev. 
Insta chr. PeLrole: X¥e (9) ope Decl oP rigs 3h. 37. 

1962: Angochitina devonica Eisenack, Taugourdeau, Rev. Micropaléo. 4 (4), 
Dare oe (not figured). 

1964: Angochitina devonica Eisenack, Doubinger, Bull. Serv. Carte Geol. 
Als. Lorr. 16 (4), p. 262, Pl. 1, figs. 1, 2, 5. 

1964: Angochitina devonica Eisenack, Grignani and Mantovani, Rev. Micro- 
patron. 6 (4), nse245,«Plle 1y fig? 14 

1964: Angochitina devonica Eisenack, Cramer, Leidse Geol. Med. 30, p. 340, 
RIMM AXSREI GS sc sr Os DU canis Figs. 18-20. 

1964: Angochitina devonica Eisenack, Doubinger and Poucet, C. R. Soc. 
Géol. France 1964 (3), p. 104, fig. d. 
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1966: Angochitina devonica Eisenack, Taugourdeau, Soc. Geol. France, 


Mens, LOF spss Sle OUd PheaZa ft 108% 3oe005. 


1967: Angochitina devonica Eisenack, Lange, Bol. Paranaeuse Geociencias 


Biles Dewlcy Phogen £1dSeql4-16. 


1967: Angochitina devonica Eisenack, Beju, Rev. Palaeobot. Palynol., 


Bio eroeshS Rie LT, 6105 569 10, 


1971: Angochitina devonica Eisenack, Costa, An. Acad. Brasil. Ciénc., 


43, p. 225, (Fig. 17). 


1971: Angochitina devonica Eisenack, Legault, Unpubl. Ph. D. Thesis, 


Peet Ocal ava ii ds eS. 


1972: Angochitina devonica Eisenack, Urban, Bull. Amer. Paleont. 63 


(2io)5 Deul4s Plow’, LiGS. + een Lexi-fid. ssa. 


DESCRIPTION: Test flask shaped with globular or ovoid body chamber and 


cylindrical neck about 1/2 or less of the overall length of test; wall 


ornamented with numerous simpie and bifurcate spines; prosome snort and 


plug-like or occasionally long and annulated with circular discs. 


DIMENSIONS (in microns): 20 specimens measured. 


Total Neck Chamber Neck 

Length Length Diameter Diameter 
Range: 130-188 31-85 68-96 31-50 
Mean: 153 50 81 40 


ILLUSTRATED SPECIMENS: 

Pi. X, fig. 1, Sample UC/19-2A/8250/2, Co-ordinate 122.0/30.7 
Pl. %, fig. 2, Sample SE/10-1/8700/1, Co-ordinate 119.5/54.9 
Pl. X, fig. 3, Sample A-1/1298-1300/5, Co-ordinate 111.2/41.2 


Aperture 
Diameter 


31-50 
41 
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Pl. X, fig. 6, Sample SE/10-1/8300/4, Co-ordinate 109.7/29.6 
Pl. X, fig. 7, Sample SE/10-1/8300/1, Co-ordinate L 110.3/35.4 
Pl. X, fig. 8, Sample SE/10-1/8300/2, Co-ordinate 116.6/28.2 
Pl. X, fig. 9, Sample SE/10-1/8300/3, Co-ordinate 108.3/31.5 
Pl. X, fig. 10, Sample SE/10-1/8300/1, Co-ordinate L 110.3/35.4 
Pl. X, fig. 11, Sample SE/10-1/8300/6, Co-ordinate 123.0/32.0 


LOCALITY: This species forms one of the important components of the 


chitinozoan assemblage in all the three wells studied. 


OCCURRENCE AND STRATIGRAPHIC RANGE: This species has been recorded from 
various Devonian sediments in Europe, North Africa, North America and South 
America. The stratigraphic range of the species is Upper Silurian to Upper 


Devonian. 


REMARKS: The characteristic flask-shaped test and the long, simple and 


bifurcate spines all over the body. make this species easy to identify. 


ANGOCHITINA sp. cf. A. DEVONICA Eisenack, 1955 
Plate X, Figures 4, 5 


Text-figures 17e-d 


REMARKS: This species is a variant of A. devonica. Its flexure is very 
broad and its body chamber-neck junction is not well defined, ornamentation con- 
sists of simple and bifurcate spines 20-35 microns long, and 3.0-6.5 


microns maximum diameter; prosome long, plug-like with incipient annulation. 
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DIMENSIONS (in microns): 5 specimens measured. 


Total Neck Chamber Neck 

Length Length Diameter Diameter 
Range: 223-232 87-93 78-81 40-43 
Mean: 227 92 80 42 


ILLUSTRATED SPECIMENS: 
Pl. X, fig. 4, Sample A-1/1460-1462/1, Co-ordinate 118.5/41.6 
Pl. X, fig. 5, Sample A-1/1224-1226/3, Co-ordinate 109.5/38.9 


LOCALITY: This species was observed from A~1 well only. 
ANGOCHITINA CALLAWAYENSIS Urban and Kline, 1970 
Plate X, Figures 12, 13 


1970: Angochitina callawayensis Urban and Kline, Jour. Paleont. 
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DESCRIPTION: Test medium size, cylindro-ovoid; length of neck 1/3-2/5 


total length of the test; flexure broad, distinct; shoulder weakly de- 


veloped; base convex; wall ornamented with simple and bifurcate spines 


arranged in rows extending from the aboral pole to the oral pole, but near 


the shoulder two rows of spines appear to converge to a point to form a 


Single row which then continues from the flexure. to the oral edge; pro- 


some absent in some specimens but when present appears opaque and plug- 


like within the neck. 
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DIMENSIONS (in microns): 10 specimens measured. 


Total Neck Chamber Neck Aperture 

Length Length Diameter Diameter Diameter 
Range: 150-177 43-62 71-85 31-43 31-43 
Mean: 164 50 81 40 40 


ILLUSTRATED SPECIMENS: 
Pl. X, fig. 12, Sample A-1/1286-1288/2, Co-ordinate 111.5/37.1 
Pl. A, Gree hss iSamnplte A-1/1286-1288/2, Co-ordinate 120.5/36.8 


LOCALITY: This species was found only from the A-1 well within the 
interval 4,160-4,270 feet depth. 


OCCURRENCE AND STRATIGRAPHIC RANGE: This species has been described from 
the Middle Devonian Cedar City Formation of Missouri by Urban and Kline 


(1970). It appears to be restricted to the Middle Devonian. 


REMARKS: The Ghanaian specimens of this species are similar to the Cedar 
City Formation specimens in the distribution of the Spines in rows along 


the oral-aboral axis of the test. 


ANGOCHITINA sp. cf. A. CAPILLATA Eisenack, 1937 
Plate XI, Figures 4-6, 8-12, 15 (?) 


1937: Angochitina capillata Eisenack, Palaont. Z, 19( 3/4 Me 22555'P ee 1S, 
figs... Tétals. 

1959: Angochitina capillata Eisenack, Dunn, Jour. Paleont. 33 (6), p. 
1O12, er st 20e) Figseaie,. lon 155) "16.. 

1962: Angochitina capillata Eisenack, Beju and Danet, Paeral gi Gaze, 
AZ she 250s hy eoecs nek t Os MLO. 
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1964: Angochitina cf. capillata Eisenack, Grignani and Mantovani, Rev. 
Micropaléo. 6 (4), p. 244, Pl. 1, figs. 7-10. 

1965: Angochitina capillata Eisenack, N. Jb. Geol. Paldeont. Abh. 123 
(2) ype S122 er P. Mil Per tgs Os 

1966: Angochitina capillata Eisenack, Taugourdeau, Soc. Géol. France, 
Memy*l04 “persed. “00 g9P MY Pe rigs LAGER HZ iat ig? 403 

1967: Angochitina cf. A. capillata Eisenack, Lange, Bol. Paranaeuse 
Geociéncias 21/22, p. 72, Pl. 2, figes 14-16. 

1969: Angochitina capillata Eisenack, Jenkins, Spec. Paper Palaeont. 5, 
Wels leeds Mise to. 

1971: Angochitina capillata Eisenack, Costa, An. Acad. Brasil. Ciénc., 
ASAD. C20 e-CRiG. (15). 

1972: Angochitina capillata Eisenack, Urban, Bull. Amer. Paleont. 63, 
(2755s Los eon Ege (oe 


DESCRIPTION: Test flask shaped with sub-alobular body chamber and cylin- 
drical neck about 1/3 of the overall length, slightiy flared at the lip; 

wall ornamented with simple, sharp-pointed spines, which diminisn in size 
towards the lip where they are much reduced or absent; the spines on the 

body are occasionally eroded; prosome, short, plug-like or incipiently 


annulated. 


DIMENSIONS (in microns): 10 specimens measured. 


Total Neck Chamber Neck Aperture 
Length Length Diameter Diameter Diameter 
Range: 164-202 47-78 87-102 43-53 43-62 


Mean: 183 50 93 50 | 52 
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ILLUSTRATED SPECIMENS: 

Pl. XI, fig. 4, Sample SE/10-1/8000/1, Co-ordinate 116.1/33.8 
Pl. XI, fig. 5, Sample UC/19-2A/8700/1, Co-ordinate 120.7/50.0 
Pl. XI, fig. 6, Sample UC/19-2A/8310/1, Co-ordinate 46.7/117.8 
PPSx! ,“Figs8..'Sampte UC/19-2A/8700/2, Co-ordinate 123.0/30.4 
Pl. Xi, fig. 9, Sample UC/19-2A/8700/1, Co-ordinate 118.5/48.6 
Pl. XI, fig. 11, Sample UC/19-2A/8950/2, Co-ordinate 124.8/43.6 
Pl. XI, fig. 12, Sample UC/19-2A/8700/2, Co-ordinate 126.4/53.5 


LOCALITY: This species occurs commonly in the UC/19-2A well. A few 
Specimens were also cbserved in the SE/10-1 well. The species was not 


found from the A-1 well. 


OCCURRENCE AND STRATIGRAPHIC RANGE: This species has been recorded from 
Ordovician-Devonian sediments in Europe and North America, Lower to Upper 


Devonian in South America and Upper Devonian in North Africa. 


REMARKS: This species differs from Angochitina giobosa Collinson and 
Scott, described from the Middle Devonian Cedar Valley Formation, Illinois, 
by its. sharp pointed simple spines which may be completely absent at the 
lip. Angochitina mourai Lange has more globose body chamber with simple 


and bifurcating spines which may be interconnected at the base. 


ANGOCHITINA MOURAI Lange, 1952 
Plate XI, Figure 13, 17 
Plate XIII, Figures 1-5 

Plate XVII, Figure 6 


1952: Angochitina mourai Lange, Dusenia III (S)cn pee osy eaves. Pls AVIII, 
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figs 7=9s1PiweXIX, figs. 10-12. 

1958: Angochitina mourai Lange, Collinson and Scott, Illinois State 
Geol. Surve.Circ 2476 pss tOsntext=figvi/aahl.ehagerd6.nP!.. 3, 
figs-11. | 

1959: Angochitina mourai Lange, Dunn, Jour. Palaeont. 33(6), p. 1012, 
Pl e125 sat ids Ie by 

1964: Angochitina mourai Lange,  Grignani and Mantovani, Rev. Mi- 
cropaléo. 6 (4), p. 245, Pl. figs. 19, 20. 

1967: Angochitina mourai Lange, Boekel, Atlas do Simpdsio sdbre a Biota 
Amazonica, 1, p. 98, Pl. 1, fig. 6. 

1967: Angochitina mourai Lange,Lange, Bol. Paranaense, Geociéncias 21/22, 
Dain 45 Pl. o.2snfigseii2-20. 


19 : Angochitina mourai Lange, Costa, An. Acad. Brasil. Ciénc., 43, 


DeacchanbriGavew)s 


DESCRIPTION: Test cylindro-spherical; length of neck 1/3-1/4 total length 
of the test; wall ornamented with fine to fairly coarse simple and bifur- 
cating spines, or occasionally long and thin spines distributed randomly 
all over the body; spines on most of the specimens observed were eroded; 


prosome plug-like within the neck. 


DIMENSIONS (in microns): 20 specimens measured. 


Total Neck Chamber Neck Aperture 
Length Length Diameter Diameter Diameter 
Range: 146-192 47-68 87-106 40-56 40-65 


Mean: 165 57 96 47 50 


i 5 ( iss b be Dee 
z * (ile SA) ous a ae “AME By 
“ 


7S20L 4 4. otabee none a ane te 
. Sal ee ee aR te Sh 
iM ove of: «bosgoiganl bre. Losaeinds aren 4 sions 67 EY 
: A. BE, ARPS 208 0h ef).2 ath | 
arate § endian oF eiqunre on Beth , Faxtaad seek Leer ant? trioo sail 
‘1 Sg ok 9 <8 TE bie tA 
SS\LS- ont yibaoien ounsanereed if baie pe Heriton sllaoin nk 
v Aisa aa “T-Sh. ee 9 


ms é one, Acar’, eaaok <4 alan, ee A cane 


z 7, J ) a is 2 go 


a a “ mata ae FY sa bs i= a ey 
N 4 


%. aa es * ba BA 


dyna feat pei a ‘dl ‘atyoae ies 
mans ba atin “szuane gaa Yt oe anit ity badliiediinte sta 
ninobaad ‘baddies ‘enh wiatt ‘bas. ‘prot ‘saat eaaoe 104 


shobore anion baw as2do anna sq id te doom, 09 iain. enh 
20) Sip aaa es ot aide athe 


ILLUSTRATED SPECIMENS: 

el. XLS. F490. 13, Sample SE/10-1/8220/3, Co-ordinate 115.3/41.5 
Pl. XI, fig. 17, Sample UC/19-2A/8700/1, Co-ordinate 124.3/41.0 
Pl. XIII, fig. 1, Sample SE/10-1/8220/3, Co-ordinate 113.0/40.5 
Pl. XIII, fig. 2, Sample SE/10-1/8220/4, Co-ordinate 116.0/34.6 
Pl. Vit, fig. 3, Sample SE/10-1/8220/1, Co-ordinate 118.5/38.7 
Pl. XIII, fig. 4, Sample SE/10-1/8220/3, Co-ordinate 120.5/40.3 
Pl. XTII, fig. 5, Sample A~1/1226-1228/2, Co-ordinate 120.8/36.8 


LOCALITY: This species occurs commonly in all the three wells studied. 


OCCURRENCE AND STRATIGRAPHIC RANGE: This species occurs commonly in Mid- 
dle and Upper Devonian sediments in Brazil from where it was first des- 
cribed. According to Costa (1971) the stratigraphic range of the species 
is Silurian-Upper Devonian. Grignani and Montovani (1964) recorded the 
species from the Upper Devonian of Morocco. A few specimens of the spe-~ 
cies have also been found from the Middle Devonian Cedar Vailey Formation 


of Illinois (Collinson and Scott, 1958), and from the same formation in 


Iowa (Dunn, 1959). 


ANGOCHITINA (RAMOCHITINA) RAMOSI (Sommer and van Boekel, 1964) 
Plate XII, Fagurest.:2, 6-1/7 


1964: Ramochitina ramosi Sommer and van Boekel, An. Acad. Brasil. Ciénc. 


S6r (ic cd2bniPld Dye ques. Pa Ss figs es 304s text=Pigs* 3. 
1967: Ramochitina ramosi Sommer and van Boekel, Lange, Bol. Paranaense 
Geocviencias 217 220 pip SIGs Ie 4eeiigs. 37, 38. 


1971: Ramochitina ramosi Sommer and van Boekel, Costa, An. Acad. Brasil. 
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DISCUSSION: Sommer and van Boekel (1964) proposed the genus Ramochitina 
with R. ramosi being the type species for chitinozoans with the follow- 
ing characteristics (translation in Lange, 1967, p. 81): 

"Cylindric-ovoid shape, the principal character 

being the spines which branch repeatedly and cover 

all the body surface; prosome quite conspicuous; 

body chamber ellipsoid; neck conoid; collar short.” 

The characteristics of Ramochitina ramosi Sommer and van 
Boekel as translated by Lange (op. cit.) are as follows: 

"Specimens , cylindro-ovoid, lengthened, amber 

coloured, with a more or less transparent test. 

Body chamber occupies 3/4 of overall length, being 

ellipsoid of form with convex base. Flexure~ not 

very conspicuous making it difficult to establish 

separation of the body champer-neck. Neck conoid, 

collar short. Prosome distinct, about 35 microns 

long. Many thin and repeatedly branched spines, 

Situated all over the body. OQOverail length of 

holotype: 220 microns." 

Lange (op. cit.) indicated that several hundred specimens of 
this species he observed in the Parana Basin, Brazil "... agree in general 
with the original diagnosis, although in addition to the cylindro-ovoid 
shape, some specimens present somewhat more expanded, ovate chambers. 
Furthermore, ... not all the appendages are branched, many of the speci- 
mens display an association of branched and simple pointed appendages 
on the chambers, and smaller, simple to bifid spines on the neck ..." 

In the Ghanaian Devonian sediments, chitinozoans with similar 
characteristics described above were observed and a large number of these 


specimens have been illustrated to show the various variations in the 


shape of the test and the spinose ornamentation. 
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It appears that chitinozoans with the above characteristics 
belong to the genus Angochitina Eisenack, 1931. Jansonius (1970, p. 797) 
has suggested that the genus Ramochitina should be transferred to the 


genus Angochitina Eisenack, 1931. 


DIMENSIONS (in microns): 20 specimens measured. 


Total Neck Chamber Neck Aperture 
Length Length Diameter Diameter Diameter 
Range: 161-220 37-62 71-81 28-37 34-44 


| Mean: 192 48 ike 34 7, 


ILLUSTRATED SPECIMENS: 

Pl. XII, fig. 1, Sample UC/19-2A/8290/2, Co-ordinate 125.5/47.2 

P]. XII, fig. 2, Sample UC/19-2A/8310/4, Co-ordinate 118.5/36.i1 

Pl. XII, fig. 6, 7, Sample A-1/1298-1300/3, Cce-ordinate L111.4/47.8 
Pl. XII, fig. 8, Sample A-1/1350-1352/1, Co-ordinate 120.6/44.0 

Pl. XII, fig. 9, Sample A-1/1450-1452/1, Co-ordinate 121.6/31.4 


NM 


Pl. XII, fig. 10, Sample A-1/1460-1462/1, Co-ordinate 121.4/32. 
elise 106, Las Sample A-1/1298-1300/3, Co-ordinate 111.7/31. 
Pi. XII, fig. 12, Sample A-1/1266-1268/2, Co-ordinate 111.4/28. 
Pl. XII, fig. 13, Sample A-1/1298-1300/5, Co-ordinate 110.4/46. 


0: ec ae es 


Pl. XII, fig. 14, Sample A-1/1298-1300/4, Co-ordinate 114.5/28. 
PT. X11, fig. 15. Sample A-1/1298-1300/1, Co-ordinate 120.1/19.1 
Pl. XII, fig. 16, Sample A-1/1298-1300/1, Co-ordinate 122.3/43.6 
Pl. XII, fig. 17, Sample A-1/1266-1268/3, Co-ordinate 125.5/25.0 


LOCALITY: This species occurs most commonly in the A-1 well. It was 


also observed from the other two wells. 
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OCCURRENCE AND STRATIGRAPHIC RANGE: This species is restricted to the 


Lower-Middle Devonian in Brazil. 


NGOCHITINA (RAMOCHITINA) MAGNIFICA (Lange, 1967) 
Plate XVII, Figure 15 


1967: Ramochitina magnifica Lange, Bol. Paranaense Geociéncias 21/22, 
pees Pli4, Pigs. 39-45; "Pb. S>.figs .46-51. 
1971: Ramochitina magnifica Lange, Costa, An. Acad. Brasil. Ciénc. 43, 


p. 255, fig. 73. 


DESCRIPTION: Test flask shaped with an ovate body chamber and a short 
cylindrical neck, length of neck about 1/3 total length of the vesicle; 
wall ornamented with broad, ramified, interconnected processes; presome 


not observed. 


DIMENSIONS (in microns): 1 specimen measured. 


Total Neck Chamber Neck Anerture 
Length Length Diameter Diameter - Diameter 
167 Bs, 96 50 56 


J 


ILLUSTRATED SPECIMEN: 
Sample SE/10-1/8450/1, Co-ordinate 116.0/49.5 


LOCALITY: Only one specimen of this species was found in the SE/10-1 


well at 8,450 feet depth. 
OCCURRENCE AND STRATIGRAPHIC RANGE: Lower Devonian, Brazil. 


REMARKS: The size range of the Brazilian specimens of this species is 
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255-380 microns. The only specimen found in Ghana is 167 microns in 
length, but the shape of the test and the ornamentation of the Ghanaian 


specimen are closely similar to the Brazilian specimens. 


ANGOCHITINA COMOSA Taugourdeau and Jekhowsky, 1960 
Plate XIII, Figure 12 


1960: Angochitina comosa Taugourdeau and Jekhowsky, Rev. Inst. Fr. Pétrol | 

7 Pom oy. Pe tice. 105. 0o5 ots ol. 

1964: Angochitina comosa Taugourdeau and Jekhowsky, Grignani and Manto- 
Wari, Rev. Micropaieo.4(4), p,.245, Pl. 1, figs Ll. 


DESCRIPTION: Test medium size, flask snaped with an ovoid body chamber 
and a sub-cylindrical neck about 2/5 the total length of the test; lip 
Slightly flared; wall ornamented with coarse spines but mostly eroded 


off; prosome annulated within the neck. 


DIMENSIONS (in microns): 4 specimens measured. 


Total Neck Chamber Neck Aperture 

Length Length Diameter Diameter naneter 
Range: 180-186 65-70 78-80 48-50 58-60 
Mean: 184 66 79 49 59 


ILLUSTRATED SPECIMEN: 


Sample SE/10-1/8220/1, Co-ordinate 125.3/18.7. 
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LOCALITY: This species occurs restricted to 8,220 feet. depth in the 


SE/10-1 well. It was not observed from the two other weils. 


OCCURRENCE AND STRATIGRAPHIC RANGE: This species was first described 


from the Lower to Middle Devonian in the Sahara (Taugourdeau and Jek- 


howsky, 1960). Grignani and Mantovani (1964) reported the species from 


the Middie to Upper Devonian in the Sahara. 


REMARKS: The Ghanaian specimens of this species are similar to the 


North African specimens. 


ANGOCHITINA sp. cf. A. COMOSA Taugourdeau and Jekhowsky, 1960 


Plate XTI{, Figure 8 


REMARKS: This species is essentially similar to A. comosa Taugourdeau 
and Jekhowsky by the shape of the test and spinose ornamentation, but 


the neck is shorter and gradually flaring. 


DIMENSIONS (in microns): 5 specimens measured. 


Total Neck Chamber Neck Aperture 
Length Length Diameter Diameter Diameter 
Range: 160-174 48-60 78-82 48-50 60-62 


Mean: 163 53 80 49 61 
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ILLUSTRATED SPECIMEN: 


Pl. XIII, fig. 8, Sample SE/10-1/8000/1, Co-ordinate 109.3/38.7 


LOCALITY: This species was observed from the SE/1C-1 well but very rare. 


ANGOCHITINA sp. cf. A. BIFURCATA Collinson and Schwalb 
Plate XI, Figures 10, 14 


1955: Angochitina bifurcata Collinson and Schwalb, Illinois State 
Geol... Sumy, cheptuctleGsiva.21, Pl. 2, figs. 1-3,: text-fig. 7. 
1971: Angochitina bifurcata Collinson and Schwalb, Costa, An. Acad. 
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Brasil AnGteme F240 sip. 224.4 (Fignaé): 


_ DESCRIPTION: Test medium size, Flask shaped; body chamber ovoid; neck 
Short, 1/4 - 1/3 total length of the test; wall ornamented with sparsely 
distributed bifurcate spines 12-15 microns long, and 4.8-5.1 microns 
diameter at the base; prosome short and plug-like, or annulated into 


series of rings or discs within the neck. 


we eee 


Total Neck Chamber Neck Aperture 

Length Length Diameter Diameter Diameter 
Range: 171-183 60-62 74-78 37-47 37-47 
Mean: 177 61 76 42 42 


ILLUSTRATED SPECIMENS: 
Pl. XI, fig. 10, Sample UC/19-2A/8400/1, Co-ordinate L112.0/25.6 
Pl. XI, fig. 14, Sample UC/19-2A/8700/3, Co-ordinate 120.2/68.4 


LOCALITY: This species occurs sparingly in the UC/19-2A well and the 
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SE/10-1 well. It was not observed from the A-1 well. 


OCCURRENCE AND STRATIGRAPHIC RANGE: This species was first described 
from the Lower Devonian Bailey Formation of southern Illinois by Collin- 
son and Schwalb (1955). The species has also been reported from the Middle 


Devonian of Brazil (Costa, 1971). 


REMARKS: The Ghanaian specimens of this species have shorter necks and 
Sparse distribution of the spines. The bifurcated nature of the spines 


is, however, very characteristic. 


ANGOCHITINA sp. cf. A. CRUMENA Taugourdeau, 1962 
Plate XVI, Figure 11 


1962: Angochitina crumena Taugourdeau, Rev. Micropaléo., 4(4), p. 232, 
Pieris t seelcato. 

1964: Angochitina crumena Taugourdeau, Grignani and Mantovani, Rey. 
Micropaleas, 604)\, Bs 245,.P1. Ly-Rigss id, 13. 

1971: Angochitina crumena Taugourdeau, Costa, An, Acad, Brasil. Ciénc., 


GS 40) 2259 (PPG Tee 


DESCRIPTION: Test medium size, flask shaped with a sub-globular body 
chamber and a short neck about 1/5-1/4 total length of the test, neck 
flared at the lip; wall ornamented with coarse, simple spines 10-16 mi- 
crons long and 2-5 microns wide at the base, randomly and sparsely distri- 


buted all over the body; prosome plug-like within the neck. 
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DIMENSIONS (in microns): 10 specimens measured. 


Total Neck Chamber Neck Aperture 

Length Length Diameter Diameter Diameter 
Range: 155-205 31-50 78-93 43-56 56-68 
Mean: 176 45 81 50 62 


—— Se 


Sample SE/10-1/800/4, Co-ordinate 124.9/29.7 


LOCALITY: This species was found only from the SE/10-1 well at 8,000 feet 


depth, 


OCCURRENCE AND STRATIGRAPHIC RANGE: This species was first recorded 

from the Famennian(?) of the Sahara (Taugourdeau, 1962). Grignani and 
Mantovani (1964) also recorded the species from Upper Devonian sediments 
in Morocco. The species has also been observed in Lower Silurian and 
Upper Devonian sediments in Brazil (Costa, 1971). The stratigraphic range 
OF this species is Lower Silurian-Upper Devonian. 


REMARKS: Angochitina crumena as diagnosed by Taugourdeau (op. cit.) 
has spherical body chamber and a short neck about 1/5 the total length 
of the body. The Ghanaian specimens have sub-globular body chamber and 


Short and distinctly flaring necks. 


ANGOCHITINA sp. cf. A. LONGICOLLA Eisenack, 1959 
Plate XVII, Fig. 5 


1959: Angochitina longicolla Eisenack, N. db. Geol. Palaeont., Abh., 
108, Ds isa Pies ies <8 
1964: Angochitina longicolla Eisenack, Taugourdeau and Jekhowsky, Rev. 


Inst. Froiretwole: X1X (7-8), pach?. Pl mal, figs. 1:7. 
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1966: Anagochitina cf. longicolla Eisenack, Taugourdeau, Mem. Soc. Géol. 


France 1045°P17°LE; fig. 42. 


DESCRIPTION: Test medium size with sub-globular body chamber and a long 
cylindrical neck about 3/5 total length of the test; wall ornamented 

with short spines 6.2 microns high and 4.7 microns wide. | These ornaments 
Occur commonly on the neck and the lip and appear to be partly eroded 


from the body chamber; prosome, short, annulated at the base of the neck. 


DIMENSIONS (in microns): 1 specimen measured. 


Total Neck Chamber Neck Averture 
Length Length Diameter Diameter Diameter 
214 127 78 37 50 


ILLUSTRATED SPECIMEN: 
Sample SE/10-1/8750/1, Co-ordinate 121.8/46.2 


LOCALITY: Only one specimen of this species was found from the SE/10-1 


well at 8,759 feet depth. 


ANGOCHITINA sp. 1 
Plate XII, Figures 3-5 


Text-figure 16g 


DESCRIPTION: Test medium size with ovoid body chamber and a distinct 


sub-cylindrical neck, about 2/5 the total length of the test, neck slightly 


flared orally; wall ornamented with simple and bifurcate spines of 14-17 
microns long and 2.1-3.2 microns maximum diameter; spines on upper half 


of neck distinctly aligned in vertical rows of six or less, spines on 
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lower half of neck and chamber body randomly distributed; prosome, dark, 


plug-like within the neck. 


DIMENSIONS (in microns): 2 specimens measured. 


Total Neck Chamber Neck Aperture 
Length Length Diameter Diameter ‘ Diameter 
Pare Al L 
fig. 3: 210 80 83 37 45 
PP OUALL, 
fig. 4a: 210 85 78 Ry 48 


ILLUSTRATED SPECIMENS: 
Pl. XII, fig. 3, Sample UC/19-2A/8600/1, Co-ordinate 122.4/32.6 
Pl. XII, figs. 4a, b, Sample SE/10-1/8700/1, Co-ordinate 127.3/31.8 


LOCALITY: This species is very rare. One specimen was found in the 


UC/19-2A well and the other in tne SE/10-1 well. 


REMARKS: Thais species has much jJonger neck than Angochitina ramosi 
(Sommer and van Boekel). Another distinguishing characteristic is the 
distinct vertical rows of spines restricted to the upper half of the 
neck. Angochitina caliawayensis Urban and Kline has simple, bifurcate 
or multifurcate spines arranged in rows extending from the aboral pole 


to the oral end. 


ANGOCHITINA sp. 2 
Plate XI, Figure 7 
Plate XIII, Figures 14 


Text-figures 16h-i 


DESCRIPTION: Test flask shaped; body chamber sub-conical with a flat 
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base; neck cylindrical, flared at the lip, length of neck about 1/2 
total length of the test; wall ornamented with simple, thick, coarse 
Spines 15-25 microns long and 3.1-6.4 microns maximum diameter; when 
Spines are completely abraded wall appears smooth; prosome long and 


plug-like or long and annulated within the neck. 


DIMENSIONS (in microns): 2 specimens measured. 


Total Neck Chamber Neck Aperture 
Length Length Diameter Diameter Diameter 
Cleaok 5 
fig. 7 220 100 99 47 62 
Pipeklil. 
fig. 14 202 98 93 50 68 


ILLUSTRATED SPECIMENS: 
Pl. XI, fig. 7, Sample UC/19-2A/3880/4, Co-ordinate 119.9/26.4 
Pl. XIiI, fig. 14, Sample SE/10-1/8000/5, Co-ordinate 120.5/37.2 


LOCALITY: This species occurs sparingly in the SE/10-1 well. Only one 
specimen was found from the UC/19-2A well at 8,880 feet depth. The spe- 


cies was not observed from the A-1 well. 


REMARKS: This species has general similarity in the shape of the test 
to Haplochitina oumdoulensis described by Grignani and Mantovani (1964) 
from the Devonian of Morocco. H. oumdoulensis is, however, smooth and 


has no spinose ornamentation. 


ANGOCHITINA sp. 3 
Plate XIII, Figures 6, 7 


DESCRIPTION: Test medium size; body chamber ellipsoid to ovoid with a 
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Short cylindrical neck about 1/2-1/3 the total length of the test; wall 
densely covered with small, simple spines 2.0-3.0 microns long and 1.0 


microns maximum diameter at the base; prosome plug-like within the neck. 


DIMENSIONS (in microns): 5 specimens measured. 


Total Neck Chamber Neck Aperture 
Length Length Diameter Diameter Diameter 
ple QTTs | 297 50 90 44 44 
eiga?: 
Range: 186-2290 47-52 90-96 43-50 43-50 
Mean: 208 50 92 44 44 


ILLUSTRATED SPECIMENS: 
Pl. XIII, Fig. 6, Sample SE/10-1/8220/5, Co-ordinate 116.0/32.8 
Pl, XIII, Fig. 7, Sample SE/10-1/8220/5, Co-ordinate 121.0/32.8 


LOCALITY: This species is restricted to 8,220 feet depth in the SE/10-1 


well. ft was not observed in the two other wells. 


ANGOCHITINA sp. 4 
Plate Xf, Figures 7f,02 


DESCRIPTION: Test medium size, club-shaped; body chamber sub-cylindrical 
or ovoid; neck cylindrical about 2/5 total length of test; flere dis- 
tinct; shoulder distinct; basal edge rounded; base rounded to sub-rounded; 
wall densely ornamented with simple small spines towards the neck and the 


lip; prosome absent. 
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DIMENSIONS (in microns): 2 specimens measured, 


Total Neck Chamber Neck Aperture 
Length Length Diameter Diameter Diameter 
Palen l 263 100 83 46 46 
rig. 1: 
1 ee a Ct 
Fig. 2: 222 Td 83 40 40 


ILLUSTRATED SPECIMENS: 
Pl. XI, fig. 1, Sample A-1/1266-1268/1, Co-ordinate 117.4/34.4 
Pl. XI, fig. 2, Sample UC/19-2A/8350/2, Co-ordinate 115.3/61.5 


LOCALITY: This species is very rare; only the illustrated specimens 
were observed, one from the A-1 well at 4,844 feet and the other 


from UC/19-2A weli at 8,350 feet depth. 


Genus CLADOCHITINA Lange, 1967 


Type species: Cladochitina biconstricta (Lange, 1949) Lange, 1967. 


DIAGNOSIS: Chitinozoa with conical body chamber and expanded basal 

margin with slightly convex base; neck cylindrical, 1/3-1/2 overall 

length of test, expanded at the lip; flexure distinct; shoulder indis- 
tinct; scattered coarse spines occur on basal edge and body, smaller spines 
sometimes attached laterally to the lip; prosome short, plug-like, to 


elongate and annulated. 


CLADOCHITINA VARISPINOSA Lange, 1967 
Plate IX, Figures 1-9 
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Figure 18a-d. Morchological Variation of Cladochitina varispinosa 
Lange from the Devonian of Ghana. (Semi-diagrammatic. 
Magnification of ai? illustrated specimens X300). 
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1967: Ciadochitina varispinosa Lange, Bol. Paranaense Geociéncias 21/22, 
pv 7S... Pil .ego Fa dS./ 27-=-35+ 
1971: Cladochitina varispinosa Lange, Costa, An. Acad. Brasil, Cienc., 


p. 228, (Fig. 23). 


DESCRIPTION: Test elongate with high conical body chamber and short, 
cylindrical neck, 1/4-2/5 total length of the test, neck occasionally 
flared at the lip; flexure distinct; shoulder absent; basal edge sharp 
with thick, long, multibranched basal processes, 30 microns more or jess 
long and about 8 microns maximum diameter; wall ornamented with coarse, 
thick, simpie and multibranched spines 20-30 microns long and 5-7 microns 
diameter; long, thin spines 20-30 microns long, and 6-7 microns diameter 
also occasionally occur at the periphery of the lip; prosome dark, short, 


plug-like or somewhat elongated and expanded. 


DIMENSIONS (in microns): 20 specimens measured. 


Total Neck -Chamber Neck Aperture 

Length Length Diameter Diameter Diameter 
Range: 152-217 37-90 68-96 31-47 37-53 
Mean: 180 56 86 38 44 


ILLUSTRATED SPECIMENS: 

Pl. IX, fig. 1, Sample UC/19-2A/8500/4, Co-ordinate 115.9/33.3 

Pl. IX, fig. 2, Sample UC/19-2A/8500/4, Co-ordinate 115.9/33.3 

Pl. IX, fig. 3, Sample UC/19-2A/8650/2, Co-ordinate 125.8/25.7 

Pl. IX, fig. 4, Sample UC/19-2A/8650/2, Co-ordinate 114.4/65.5 

Pleo ike Tide: Os Sample UC/19-2A/8650/1, Co-ordinate 117.7/50.6 

Pl. IX, figs. 6, 7, Sample UC/19-2A/8550/1, Co-ordinate 124.6/35.5 


evan tenn dine 203i a sa sted. 


bani 


moti 


tone bas vedmayls youd Anata apt naw stegaote $4 Ms 
“(iano 89 59n aed ort 70 opKof ratos asa ; 
qiene ais pe if wand iameds ~ab' tual idoatsety: ‘owxalt, iat ; 
eee! vaonémgnonstm OF -goeesgony Teesd bedanevotatum af f id | 
49900, ante, beg neagaae. 1 Law, ante t nuh keer migra}. 8 tt 
‘ grogubme Ved bus prot -enota it GE 48. asnies neisianaheting big 
addons tt Proiate Sod bas. pne. Died (HOR OS Bom ye: Lida 00 
- DAOHA.. rae emoderng Jago to squaring ad) te donut 
seleh _ -babategx bs batepnats: Sodwamow jo" 


») 
hi by i 
ane cm 


7 


‘tae 
ve 


| woranie st naa a3¢2 08. aia 
ri ag ie: nr ee 
yossig re ypvedemsr = “sovometl | dtpna | 
pants ip, We Be, ae BOB, Sai 2g —— - 4 
Oa le os AM 


“fetsyevans sasnitontd lids dete ee a ar <a 
£ 0\e.2t4 euch -ceescebtbin ofgmisz s ph XD fs . 
‘ OSE: a), OT\9 | aiqgase <f £ vert x ae 
ere eum .SNORR0\AS 219K stqme2 .2 .gtt x oe a 
S0ASAIT stsntbyoned _f\oBae\As-er\ou olqun2 2 prt aL ei 
Baers ‘siienitrone IVE MS-ef\aU ote a 2 ~antt oo re 


ae 


Pl. IX, fig. 8, Sample UC/19-2A/8650/2, Co-ordinate 114.6/59.3 
Pleod Xerfiigen 9, Sample UC/19-2A/8600/2, Co-ordinate 118.0/26.0 


LOCALITY: This species occurs in all the three wells but most commonly 


in the UC/19-2A well. 


OCCURRENCE AND STRATIGRAPHIC RANGE: This Speciesroccurs restricted’to 
the Middle Devonian (Eifelian?), Brazil, from where it was first des- 


cribed by. Lange (1967). - 


REMARKS: The Ghanaian Specimens of this species are essentially sneha 
to the Brazilian specimens in the ornamentation of the test which varies 
from thick, short, Simple spines to tong bifurcate and multibranched 
spines. The Ghanaian specimens, however, have shorter necks and are 
generally vialice than the Brazilian specimens. The overall] length of 
the Ghanaian specimens ranges between 150-217 microns as compared with 


167-374 microns recorded for the Brazilian’ specimens. 


Genus CONOCHITINA Eisenack, 1931 


Type species: Conochitina claviformis Ersenacks 1931. 
DIAGNOSIS: Test medium to large, conical, with cylindrical neck; basal 
edge rounded; base flat to convex. 

?CONOCHITINA sp. 1 


Plate XVII, Fig. 10 


DESCRIPTION: Test small, with conical shaped body chamber and short, 


indistinct neck; basal edge sharp; base flat; wall ornamented with short, 
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blunt spines or granules 1.5-2.2 microns high and 1.5-3.1 microns wide, 
these ornaments occur on all parts of the body including the base; pro- 


some short, plug-like within the neck. 


DIMENSIONS (in microns): 1 specimen measured 


Total Neck Chamber Aperture 
Length Length Diameter Diameter 
84 ? 74 st 


ILLUSTRATED SPECIMEN: 
Sample UC/19-2A/7060/1, Co-ordinate 120.1/58.5 


LOCALITY: Only the figured specimen of this species was found from the 


UC/19-2A well at 7,060 feet depth. 


?CONOCHITINA sp. 2 


Plate XVII, Figure 14 


DESCRIPTION: Test cylindro-conical; length of neck about 2/5 the total 
length of the test; flexure broad, distinct; shoulder weakly developed; 
basal edge rounded, base flat; wal] ornamented with sparsely distri- 
buted, long, thin spines 6.8-10.3 microns long and 2.0-2.2 microns wide 
at the base; most of the spines are broken off but their grapnel endings 


are quite distinct; prosome plug-like within the neck. 


DIMENSIONS (in microns): 1 specimen measured. 


Total Neck Chamber Neck Aperture 
Length Length Diameter Diameter Diameter 


140 56 76 40 40 
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ILLUSTRATED SPECIMENS : 
Sample UC/19-2A/7060/2, Co-ordinate 124.0/48.5 


LOCALITY: Only the figured specimen of this species was found from 
the UC/19-2A well at 7,060 feet depth. 


REMARKS: This species differs from ?Conochitina sp. 1 by its distinct 


neck and sparse distribution of the spine-ornamentation. 


?CONOCHITINA sp. 3 


Plate XI, Figure 16 


DESCRIPTION: Test medium size, cylindro-conoid; body chamber conical; 
neck cylindrical, about 1/3 total length of test; basal edye sharp, © 
acute; base convex; wall ornamented with minute spines; prosome plug- 


like within the neck, 


DIMENSIONS (in microns): One specimen measured: 


Total Neck Chamber Neck Aperture 
Lengtn Length Diameter Diameter ' Diameter 
146 62 93 — 40 40 


ILLUSTRATED SPECIMEN: 
Sample UC/19-2A/8400/1, Co-ordinate 127.7/65.8 


LOCALITY: This species is very rare; only two specimens were observed, 


one from UC/19-2A well and the other from A-1 well. 
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?CONOCHITINA sp. 4 
Plate XVII, Figure 7 


DESCRIPTION: Test medium size; body chamber sub-cylindrical with straight 
Sides; neck short about 1/4 total length of test; flexure distinct, 
shoulder present, basal edge rounded; base convex; wall ornamented 

with thick, blunt and curved spines arranged in a series of vertical 

rows along the vertical axis of the test, spine length 4-5 microns long 


and 3-4 microns diameter at the base; prosome plug-like within the neck. 


DIMENSIONS (in microns): One specimen measured: 


Total Neck Chamber Neck Aperture 
Length Length Diameter Diameter Diameter 
192 47 © 81 40 37 


ILLUSTRATED SPECIMENS: 
Sample UC19-2A/400/2, Co-ordinate L110/2/23.4. 


LOCALITY: Oniy the figured specimen was observed from the UC/19-2A 
well at 8,400 feet depth, 


?CONOCHITINA sp. 5 
Plate XVII, Figures 13, 16 
Text-figure 19b 


DESCRIPTION: Test cylindro-conical; body chamber conical shaped; neck 
about 1/2 the total length of test; flexure broad and distinct, shoulder 
weakly developed; basal edge rounded; base flat; wall sparsely ornamented 


with simple spines of less than 1.0 microns long and 0.4 - 0.5 microns 
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diameter; at the basal edge, however, a few large spines about 21.7 
microns long and 6.4 microns maximum diameter may occur; prosome plug- 


like and somewhat annulated within the upper portion of the neck. 


DIMENSIONS, (in microns): 2 specimens measured. 


Total Neck Chamber Neck Aperture 
Length Length Diameter Diameter Diameter 
PILL XVITS ae 
Fig. 13: 229 109 99 aye: 56 
Pie xXVil, } 
Fig. 16: 264 124 96 50 50 


ILLUSTRATED SPECIMENS: 
P1. XVII, Fig. 13, Sample UC/19-2A/8480/1, Co-ordinate 115.7/29.1 


Pl. XVII, Fig. 15, Sample A-1/1442-1444/3, Co-ordinate 109.5/30.5- 


LOCALITY: Only the figured specimens were observed, from the UC/19-2A 
. well at 8,480 feet depth and the other from the A-1 well at #bout 4,765 


feet depth. 
Genus DESMOCHITINA Ejisenack, 1931 
Type species: Desmochitina nodosa Eisenack, 1931 


DIAGNOSIS: Test small, body sub-spherical to barrel shaped; neck ab- 
sent, lip more or less flaring; operculum simple, external; many species 


show tendency to form chains. 


DESMOCHITINA sp. 
Plate XVIII, Figure 4 


DESCRIPTION: Test spherical to ovoid shaped; wal? opaque rough textured; 
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operculum not observed; occurs in chains. 


DIMENSIONS (in microns): 5 specimens (figured measured) measured. 


Maximum Diameter Minimum Diameter 
Range: 104-114 78-106 
Mean: 110 89 


ILLUSTRATED SPECIMENS: 
Sample SE/10-1/8450/2, Co-ordinate 121.0/55.6 


LOCALITY: This species is rare; only the Figured specimens were found 


from section 8,450 feet depth in’ the SE/10-1 well. 


REMARKS: This species is somewhat similar to Desmochitina sphaerica 
described by Taugourdeau and Jekhowsky from the Silurian of the Sahara. D. 


Sphaerica is smaller and more spherical than the Ghanaian Specimens, 


Genus EISENACKITINA Jansonius, 1954 


Type species: Eisenackitina castor Jansonius, 1964, 


DIAGNOSIS: Vesicle sub-cylindrical; basal edge more or less distinct; 
base flat or convex; sides Straight, more or less parallel; greatest 
width near the basal edge, lower part of the body chamber sometimes 
bulging; no flexure, shoulder usually not apparent; neck or lip very 
much reduced, usually absent, but cuticle near aperture often thins 
abruptly; aperture simple, smooth, with a diameter Significantly smaller 
than that of the vesicle at the shoulder; operculum external, but usually 


not raised above the shoulders; it may have concentric structure and car- 
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ries a short thin membrane; cuticle smooth, roughened or verrucose, 


occasionally with a few small spines. 


EISENACKITINA sp. 1 


Phare AVIITS'Figures7127°13 


Text-figure 19c 


DESCRIPTION: Test sub-cylindrical with maximum diameter at the base 


and gradually tapering orally; neck very much reduced to a narrow flange 


or absent; flexure absent; shoulder absent; basal edge rounded; base 


Slightly convex; wall thick, rougn textured; operculum disc-like, ex- 


ternal, usually, lost in most specimens. 


DIMENSIONS (in microns): 


Total 
Length 
PIE ORVILT, 
eld besa Be 161 
Range: 161-192 
Mean: Ws 


ILLUSTRATED SPECIMENS: 


Pl. XVIII, Fig. 12, Sample A-1/1336-1338/3, 


Chamber 
Diameter 


TES ho 


135-149 
140 


10 specimens measured. 


Aperture Operculum 
Diameter Diameter 
99 65 
87-99 -- 

93 -~ 


Co-ordinate 115.6/43.8 


Pl. XVIII, Fig. 13, Sample A-1/1318-1320/4, Co-ordinate 114.3/41.3 


LOCALITY: This species occurs sparingly in the Atiavi-1 well. It was 


not observed from the other two wells. 


REMARKS: This species differs from Eisenackitina castor described from 
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the Middle Devonian, Northwest Territories, Canada (Jansonius, 1964) 


by its broader, seemingly thick body wall and lack of any ornamentation. 


Genus FUNGOCHITINA Taugourdeau, 1966 


Type species: Fungochitina fungiformis Taugourdeau, 1966 


DIAGNOSIS: Test medium size, with a long cylindrical neck and a short 
conical body chamber, length of body chamber less than half total length; 


base flat, prosome probably elongate. 


FUNGOCHITINA sp. cf. F.LONGICOLLIS (Taugourdeau and Jekhowsky) Taugour- 
deau, 1966 
Plate XVII, Figure 1 

1960: Sphaerochitina longicollis Taugourdeau and Jekhowsky, Rev. Inst. 

| Er, Petwole, XV(9)mop. 2234, PleoX. figs.y 1455146, Pl. XI, fig. 
163. 

1962: Sphaerochitina longicollis Taugourdeau and Jekhowsky, Rev. Mi- 
Cropateo..94(4),7 pe cod. Pile 1, tids. 20, 22. 

1966: Fungochitina longicollis (Taugourdeau and Jekhowsky) Taugourdeau, 
Rev. Micropaleéo., 9(4), Pl. 1, fig. 21. 


DESCRIPTION: Test medium size with a sub-globular body chamber and a 
disproportionately long cylindrical neck, length of neck 4/5 total 


length of test; wall opaque, somewhat smooth; prosome not observed. 


DIMENSION (in microns): 1 specimen measured. 


Total Neck Chamber Neck 
Length Length Diameter Diameter 


434 326 87 44 
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ILLUSTRATED SPECIMEN: 
Sample UC/19-2A/9010/5, Co-ordinate 115.8/65.3 


LOCALITY: This species is very rare; only the figured specimen was 


found from the UC/19-2A well at 9,010 feet deep. 


OCCURRENCE AND STRATIGRAPHIC RANGE: This species has been recorded from 


the Lower Devonian in the Sahara (Taugourdeau and Jekhowsky, 1960). 


FUNGOCHITINA sp. cf. F. PISTILLIFORMIS LATA (Taugourdeau and Jekhowsky) 


Plate XVII, Fid.: 2 


1960: Sphaerochitina pistilliformis lata Taugourdeau and Jekhowsky, 
Revis inst. fr. Petrole, A109) y peetcoc. Plaikl,:figs..156,. 15/7. 
1966: Fungochitina pistilliformis lata (Taugourdeau and Jekhowsky) 


Taugourdeau, Mem. Soc. Geol. France, Pl. 1, fig. 6, 7. 


DESCRIPTION: Test medium size, with short, discoid-like body chamber 
and a disproportionately long cylindrical neck, length of neck about 
4/5 total length of the vesicle, slightly flared at the aperture; wall 


semi-opaque dark brownish, somewhat smooth; prosome not observed. 


DIMENSION (in micron): 1 specimen measured. 


Total Neck Chamber Neck Aperture 


Length Length Diameter Diameter Diameter 
189 146 87 SI 43 


ILLUSTRATED SPECIMEN: 
Sample SE/10-1/8850/1, Co-ordinate 125.5/31.2 


LOCALITY: This species is very rare; only the figured specimen was 
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found in the SE/10-1 well at 8,850 feet depth. 


OCCURRENCE AND STRATIGRPHIC RANGE: This species has been recorded from 


the Silurian of the Sahara(Taugourdeau and Jekhowsky, 1960, 1962). 


REMARKS: The only specimen found from the Ghanaian sediments was too poorly 
preserved to allow any definite comparisons. However, the Ghanaian speci- 
men of this species has a sub-globular body chamber and a convex base as 
compared with the somewhat flat base characteristic of the Saharan speci- 


mens. 


FUNGOCHITINA sp. 1 
Plate XVII, Figs. 3, 4 


DESCRIPTION: Test medium size, elongate with short, discoid body cham- 
ber and disproportionately long tapering neck which may flare at the 
lip; length of neck about 3/4 total length of the test, wali thin, smooth, 


wrinkled; prosome long, annulated within the neck but may be absent. 


DIMENSIONS (in microns): Two specimens measured. 


evtota) Neck Chamber Max. Neck Aperture 
Length Length Diameter Diameter Diameter 
PbounVi ly 
Fig. 3: 177 140 84 56 34 
PlecAVil, 
Fig. 4: 183 146 15 56 40 


ILLUSTRATED SPECIMENS: 
Pl. XVII, fig. 3; Sample SE/10-1/8750/2, Co-ordinate 121.0/38.0 
Pl. XVII, fig. 4; Sample SE/10-1/8750/3, Co-ordinate 108.5/40.7 
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LOCALITY: Only two specimens of this species were observed from the 


SE/10-1 well at 8,750 feet depth. 


REMARKS: The assignment of this species to the genus Fungochitina 
Taugourdeau, 1966, is very tentative, based largely on its short body 
and disproportionately long neck. Fungochitina, as diagnosed by Tau~ 
gourdeau has a short conical body chamber with a long cylindrical neck. 
The discoid shaped body chamber and distinctly tapering neck of these 
specimens do not fully meet the diagnosis of the genus Fungochitina. 
However, only two specimens of this species were observed in the entire 
Samples and are not adequate for full diagnosis. The discoid shape of 


the body chambers of the specimens might be due to deformation. 


Genus HOEGISPHAERA Stapiin, 1961 


Type species: Hoegisphaera glabra Staplin 1961. 


DIAGNOSIS: Body spherical. One hemisphere provided with a thickened 
circular ring, enclosing an operculum. The operculum is often found 
detached from the body. Colour dark amber-brown. Known species laevi-~ 


gate to wrinkled. 


HOEGISPHAERA GLABRA Staplin, 1961 
Plate XVIII, Figures 6, 7, 8 


1961: Hoegisphaera glabra Staplin, Paleont. 4(3), p. 419, Pl. 50, figs. 
al A 

1965: Hoegisphaera glabra Staplin, Taugourdeau, Rev. Micropaléo., 8(2), 
Dy 60, (Plc. figs... 19-22. 
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1967: Hoegisphaera glabra Staplin, Beju, Paleobot. Palynol. 5(1-4), 
PVSsry: rigs.  hyaro: 

1971: Hoegisphaera cf. H. glabra Staplin, 1961, Legault, Unpubl. Ph.D. 
DMCS1Ss a, 140.0 ke hs oT 19s. 1-8, 

1972: Hoegisphaera glabra Staplin, Urban, Bull. Amer. Paleont., 63 


C7 Onur hen ACS. a 12 


DESCRIPTION: Test small, spherical; aperture circular with a thickened 


ring, operculum external; wall usually wrinkled, rough textured. 


DIMENSIONS (in microns): 20 specimens measured. 


Test Diameter Aperture Diameter Operculum Diameter 
Range: 49-64 22-35 28 
Mean: 56 30 28 


ILLUSTRATED SPECIMENS: | 

Pl. XVIII, fig. 6, Sample UC/19-2A/9010/2, Co-ordinate 121.6/57.5 
Pl. XVIII, fig. 7, Sample UC/19-2A/9010/3, Co-ordinate 116.5/32.3 
Pl. XVIII, fig. 8, Sample UC/19-2A/9010/1, Co-ordinate 113.4/49.4 


LOCALITY: This species occurs commonly in all the three wells. 


OCCURRENCE AND STRATIGRAPHIC RANGE: Staplin (1961, p. 419) first des- 
cribed this species from the Duvernay Formation (Upper Devonian) of 
Alberta, Canada. The species has been reported from various Devonian 
sediments, e.g: Lower Frasnian, Boulonnais, France (Taugourdeau, 1965); 
Lower Devonian of the Moesian Platform, Romania (Beju, 1967); Middle 


Devonian Hamilton Group, Canada Legault (1971, Unpubl. Ph.D. Thesis), 
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and Middle Devonian Cedar Valley Formation, Iowa (Urban, 1972). The 


known stratigraphic range of this species is Ordovician to Upper Devonian. 


REMARKS: The Ghanaian specimens of this species are similar to other 


Specimens recorded elsewhere. 


Genus LAGENOCHITINA Eisenack, 1931 


Type species: Lagenochitind baltica Eisenack, 1931 


DIAGNOSIS: Test large; body chamber sub-spherical to oval; neck cylin- 


drical; flexure distinct; shoulder inconspicuous; basal edge rounded. 


LAGENOCHITINA AMOTTENSIS Grignani and Mantovani, 1964 
Plate XIT1, .Erguves 10; 11, 13 


1964: Lagenochitina amottensis Grignani and Mantovani, Rev. Micropaléo. 
HAG) 5.1247, Plcce, figs. 18, 19. 

1971: Lagenochitina cf. L. amottensis Grignani and Mantovani, 1964, 
Legault, 1971 (Unpubl. Ph.D. Thesis, Univ. Oklahoma), p. 162, 
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DESCRIPTION: Test medium size, flask shaped; body chamber ovoid; neck 
cylindrical 1/3-2/5 total length of the test; wall smooth to somewhat 


rough textured; prosome not observed. 


DIMENSIONS (in microns): 3 specimens measured. 


Total Neck Chamber Neck Aperture 
Length ~ - Length Diameter Diameter Diameter 


Range: 248-257 93-99 81-115 34-37 40-41 
Mean: 250 97 93 36 A} 
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ILLUSTRATED SPECIMENS: 

Pl. XIII, fig. 10, Sample SE/10-1/8000/4, Co-ordinate 119.9/34.8 

Pl. XIII, fig. 11, Sample A-1/1286-1288/5, Co-ordinate 117.0/36.8 
Pl. XIII, fig. 13, Sample A-1/1404-1406/1, Co-ordinate 113.7/39.2 


LOCALITY: This species is rare, one specimen was observed in the SE/ 
10-1 well and a few others in the A-1 well. It was not found in the 


UC/19-2A well. 


OCCURRENCE AND STRATIGRAPHIC RANGE: This species was first described 
from the Middle and Upper Devonian sediments in Morocco by Grignani and 
Mantovani (1964). The species has also been observed from the Middle 


Devonian Hamilton Group, Canada (Legault, 1971, Unpubl. Th.D. Thesis). 
REMARKS: The Ghanaian specimens of this species are generally similar 
to the Moroccan specimens. 

LAGENOCHITINA sp. 1 


Pl. XVIII, Figure 14 


DESCRIPTION: Test medium size with sub-globular body chamber and a 
short cylindrical neck, length of neck about 1/3 total length of test; 


wall minutely verrucose; prosome indistinct. 


DIMENSIONS: (in microns): One specimen measured. 


Total Neck Chamber Neck Aperture 
Length Length Diameter Diameter Diameter 
158 bas 124 59 ; 59 


ILLUSTRATED SPECIMEN: 
Sample UC/19-2A/7700/4, Co-ordinate 118.5/37.4 
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LOCALITY: Only the figured specimen of this species was found in the 
UC/19-2A well, at 7,700 feet depth. 


LAGENOCHITINA sp. 2 
Plate XVIII, Figure 9 


DESCRIPTION: Test medium size, body chamber sub-conical merging into 
a short neck with a flaring lip; flexure broad, distinct; shoulder 
absent; basal edge rounded; base convex; wall thick, opaque, rough tex- 


tured; prosome not observed. 


DIMENSIONS (in microns): One specimen measured. 


Total Neck Chamber Neck Aperture 


Length Length Diameter Diameter Diameter 
164 78 124 a4 53 


ILLUSTRATED SPECIMEN: 
Sample A-1/1224-1226/1, Co-ordinate 120.2/31.8 


LOCALITY: This species is very rare; only the figured specimen was 
found in the A-1 well at about 4,046 feet deep of the well. 
Genus RHABDOCHITINA Eisenack, 1931 
Type species: Rhabdochitina magna Eisenack, 1931 
DIAGNOSIS: Chitinozoa with large, cylindrical test. 
RHABDOCHITINA sp. cf. R. MAGNA Eisenack, 1931 
Plate XVIII, Figure 1 


1967: Rhabdochitina magna Eisenack, Boekel, AtaS do Simpdosio sObre a 
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Biota AmazOnica 1 (Geosciéncias): 87-119, p. 107 Pl. II, fig. 23. 


DESCRIPTION: Test elongate cylindrical; wall opaque, black; prosome 


not observed. 


DIMENSIONS (in microns): One specimen measured. 
Total Length Maximum Diameter 


403+ 102 


LOCALITY: This species is rare; only two specimens were observed from 


the SE/10-1 well at 8,600 feet depth. 


OCCURRENCE AND STRATIGRAPHIC RANGE: This species has been reported 
from Ordovician to Silurian sediments in Europe, but similar specimens 
have been recorded from Silurian to Lower Devonian sediments in Brazil 


(Boekel, 1967, p. 107). 


RHABDOCHITINA sp. cf. R. CLAVIFORMIS Taugourdeau, 1961 
Plate XVIII, Figure 3 


1961: Rhabdochitina claviformis Taugourdeau, Rev. Micropaléo., 4(3), 
BE 50 PRE SOFT GSE 69-708 

1967: Rhabdochitina claviformis Taugourdeau, Boekel, Atas do Simposio 
sobre a Biota AmazOnica 1 (Geociéncias): 87-119, p. 106, Pl. IIT, 
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DESCRIPTION: Test large, claviform; wall smooth. 
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DIMENSIONS (in microns): One specimen measured. 
Total Length Maximum Diameter 


434+ 130 


ILLUSTRATED SPECIMEN: 
Sample SE/10-1/9050/4, Co-ordinate 121.0/54.0 


LOCALITY: This species is very rare, only the figured specimen was found 


from the SE/10-1 well at 9,050 feet depth. 


OCCURRENCE AND STRATIGRAPHIC RANGE: This species was first described 
from the Silurian of France by Taugourdeau (1961). It has also been 


observed from the Silurian of Brazil (Boekel, 1967). 
REMARKS: The only specimen observed from Ghana is poorly preserved. 
RHABDOCHITINA sp. 1 
Plate XVIII, Figure 10 


DESCRIPTION: Test larger, cylindrical with a rounded base and a short 
neck; an antler-shaped structure occurs at the oral end which probably 
represents a broken portion of another test; wall opaque, rough tex- 


tured; prosome not observed. 


DIMENSIONS (in microns): One specimen measured. 


Total Neck Max imum Neck 
Length Length Diameter Diameter 
279 31 As 37 


ILLUSTRATED SPECIMEN: 
Sample UC/19-2A/9010/5, Co-ordinate 116.2/62.2 
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LOCALITY: Only the figured specimen was observed from the UC/19-2A 
well at 9,010 feet deep, ) 


Genus SPHAEROCHITINA Eisenack, 1955 


Type species: Lagenochitina sphaerocephala (Eisenack, 1932) Eisenack, 
1955. | 


DIAGNOSIS: Chitinozoa with cone-, sphere-, or broadly mushroom-shaped 
body chambers and sub-cylindrical necks; wall smooth or with minute 


tubercles or small, thick, erect spinules. 


SPHAEROCHITINA SPHAEROCEPHALA (Eisenack, 1932) Eisenack, 1955 
Plate XV, Figures 9, 10 

1932: Lagenochitina sphaerocephala Eisenack, Palaont. Zeit., 14 (271- 
eit figs. 14.15, 

1955: Sphaerochitina sphaerocephala Eisenack, Senck. Leth., 36 (1-2), 
162, Pie 1105 405 eos 

1960: Sphaerochitina sphaerocephaia Pisenacks cancoGrmean and Jek- 
ROWSKY. "Reve Ilist. Petrobes NV (9); Devicocs Fl. 1ll, Tid. 43, 

1962: Sphaerochitina sphaerocephala Eisenack, Beju and Danet, Petrol 
si Gaze, 13 (12), p. 534, Pl. II, figs. 21. 

1964: Sphaerochitina sphaerocephala (Eisenack), Grignani and Mantovani, 
Rev. Micropaléo. 6(4), p. 254, Pl. 4, figs. 15, 16. 

1964: Sphaerochitina sphaerocephala (Eisenack), Cramer, Leidse Geol. 
Med .8 30. 0. osu deh ot OS a4 —5, 


1968: Sphaerochitina sphaerocephala (Eisenack), Jardine and Yapaudjan, 
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Rey Jelnse. FresPetrole XXIII (4), Phe Ss figs 15, 
1961: Sphaerochitina sphaerocephala Eisenack, Costa An. Acad. Brasil. 
icc, 13,0. 4c03.51 19. 88. 


DESCRIPTION: Test flask shaped; body chamber sub-globular; neck long, 
eyitmdricat , slightly flared at the lip, length of neck about 1/2 the 
total length of the test; wall scaley on neck and minute spines 3.2-5.3 
microns long and 1.5-2.0 microns maximum diameter on body chamber; 


prosome short, annulated, within the neck, or absent in some specimens. 


DIMENSIONS (in microns): 4 specimens measured. 


Total Neck Chamber Neck Aperture 

Length Length Dianeter Diameter Diameter 
Range: 233-248 124-140 93-96 42-44 56-59 
Mean: 241 132 95 43 o/ 


ILLUSTRATED SPECIMENS: 
Pl. XV, fig. 9, Sample SE/10-1/8250/2, Co-ordinate 112.2/37.4 
Pl. XV, fig. 10, Sample SE/10-1/8220/4, Co-ordinate 119.4/35.4 


LOCALITY: This species is rare; only a few specimens were found between 


8,220-8,250 feet depth inthe SE/10-1 well. It was not observed from the 


other two wells. 


OCCURRENCE AND STRATIGRAPHIC RANGE: This species occurs widespread. 
It was first described from Silurian glacial erratics in the Baltic 
region by Eisenack (1932), and has been reported from various Silurian 
and Devonian sediments as follows: Silurian, Moldoveneasca Platform, 


Romania (Beju and Danet, 1962); Upper Silurian to Lower Devonian, 
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NW Spain (Cramer, 1964); Silurian, France (Jardine and Yapaudjian, 1968); 
Upper Devonian of the Sahara (Taugourdeau and Jekhowsky, 1960), Upper 
Devonian, Morocco (Grignani and Mantovani, 1964), and Lower Silurian, 
Brazil (Costa, 1971). The stratigraphic range of the species is Lower 


Silurian to Upper Devonian. 


REMARKS: The Ghanaian specimens of this species are similar to other 


Specimens recorded elsewhere. 


SPHAEROCHITINA PILOSA Collinson and Scott, 1958 
Plate XIV,. Figures 11, 12, 18-21 


1958: Sphaerochitina pilosa Collinson and Scott, Illinois State Geol. 
Surry. “Circks 247, p2r720,,oPlenssyt19gShele5e5 text-fig. 10. 


1959: Sphaerochitina pilosa Collinson and Scott, Dunn, dour. Paleont. 


33 (b), p. 1014, Pl. 127, figs. 9-13. 

1960: Sphaerochitina cf. pilosa Collinson and Scott, Taugourdeau and 
Jekhowskyso Reveo Inst. FrsPetrole, XV (9), p. 1232, Pl.. XI, figs. 
15266154 d05.¢Pl caddis filgrell. 

1964: Sphaerochitina cf. pilosa Collinson and Scott, Grignani and 
Mantovanier, Din 25460 PlipAy figetds 

1972: Sphaerochitina pilosa Collinson and Scott, Urban, Bull. Amer. 

Pad continn.63 a7 earl on Coda bend 5 fice 1-3. 


DESCRIPTION: Test flask shaped; body chamber conical; neck cylindrical, 
about 1/3 total length of the test; basal edge rounded, base convex, 
wall ornamented with simple, minute spines 3.1-5.5 microns long and 1.8- 


2.4 microns maximum diameter, spines densely and uniformly distributed 
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all over the body; prosome, short, plug-like, within the neck. 


DIMENSIONS (in microns): 


Range: 


Mean: 


ILLUSTRATED 
mili 
Pl. 
eile 
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Fig. 


Neck 
Length 


Total 
Length 
130-161 47-65 


146 54 


SPECIMENS: 

Sample UC/19-2A/9013/3, 
Sample A-1/1286-1288/3, 
Sample UC/19-2A/9010/4, 
Sample UC/19-2A/8290/5, 
Sample A-1/1404-1406/1, 


21, Sample UC/19-2A/9010/3, 


Chamber 
Diameter 


87-90 
88 


20 specimens measured. 


Neck 
Diameter 


Aperture 
Diameter 
31-34 31-36 


8) 34 


Co-ordinate 124.3/56.2 

Co-ordinate 116.7/34.6 

Co-ordinate 130.1/28.9 

Co-ordinate L110.7/32.6 
Co-ordinate 117.1/40.0 

120.0) cae 


LOCALITY: This species occurs commonly at various horizons in all the 


three wells 


studied. 


OCCURRENCE AND STRATIGRAPHIC RANGE: This species was first described 


from the Middle Devonian Cedar Valley Formation of Illinois by Collinson 


and Scott (1958). 


the same formation in Iowa. 


Dunn (1959) and Urban (1972) have recorded it from 


The species has also been observed from the 


Silurian-Middle Devonian in the Sahara (Taugourdeau and Jekhowsky (1960), 


and Middle to Upper Devonian of Morocco by Grignani and Mantovani (1964). 


The stratigraphic range of this species is Silurian to Upper Devonian. 


REMARKS: 


Specimens recorded elsewhere. 


The Ghanaian specimens of this species are similar to other 
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SPHAEROCHITINA SCHWALBI Collinson and Scott, 1959 
PARTE NY, Tridiresyo, oy Oo”, OS Tl, leu lay TS 


1958: Sphaerochitina schwalbi Collinson and Scott, Illinois State Geol. 
SUPVe™ UIC. Cay se 25, let ye teks. 6-10, text-fig. 11. 

1959: Sphaerochitina schwalbi Collinson and Scott, Dunn, Jour. Paleont. 
S006) ep, TOYS) Pl) 1275. figs’ 5-8, 


DESCRIPTIONS: Test, short, conical. shaped; body chamber conical with 
maximum diameter near the aboral end; neck very short, almost undifferen- 
tiated from lip, occasionally flared; basal edge rounded; base slightly 
convex; wall ornamented with close-set, very fine spines which occur 

all over the body chamber and the neck; prosome plug-lixe witnin the 


neck. 


DIMENSIONS (in microns): 25 specimens measured. 


Total Neck Chamber Neck Aperture 

Length Length Diameter Diameter Diameter 
Range: 118-130 16-46 87-93 Sa AD 34-37 
Mean: 124 31 104 43 43 


ILLUSTRATED SPECIMENS: 

Pl. XIV, fig. 5, Sample SE/10-1/8300/3, Co-ordinate 112.3/41.4 
Pl. XIV, fig. 6, Sample SE/10-1/8300/4, Co-ordinate 121.4/27.1 
Pl. XIV, fig. 8, Sample SE/10-1/8300/4, Co-ordinate 118.0/41.2 
Pl. XIV, fig. 9, Sample SE/10-1/8220/3, Co-ordinate 111.7/35.3 
Pl. XIV, fig. 11, Sample UC/19-2A/9010/3, Co-ordinate 124.3/56.2 
Pl. XIV, fig. 12, Sample A-1/1286-1288/3, Co-ordinate 124.8/33.4 
Pl. XIV, fig. 14, Sample UC/19-2A/8700/4, Co-ordinate 121.8/41.8 
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Pl. XIV, fig. 15, Sample UC/19-2A/8600/2, Co-ordinate 126.5/26.5 
Pl. XIV, fig. 16, Sample UC/19-2A/8650/2, Co-ordinate 126.6/49.6 


LOCALITY: This species occurs commonly in all the three wells studied. 


They are usually associated with S. pilosa. 


OCCURRENCE AND STRATIGRAPHIC RANGE: This species was first described 
from the Middle Devonian Cedar Valley Formation of Illinois by Collinson 
and Scott (1958). Dunn (1959) found the species from the same 


formation in Iowa. 


REMARKS: Sphaerochitina schwalbi differs from S. pilosa by its shorter 
neck and broader conical body chamber. Intermediate forms, however, 
occur and the assignment of such varieties to one or the other species 
becomes very subjective. 

Collinson and Scott (op. cit.) reported that the "collar" or 
lip of the Cedar Valley Formations are not ornamented by the short, 
simple spines which densely cover the neck and the body chamber. In the 
Ghanaian specimens the "collar" or lip is similarly ornamented by the 


Short, simple spines on the body; besides, a few of the specimens possess 


flared lips which are,as well, ornamented. 
SPHAEROCHITINA BREVISPINOSA Grignani and Mantovani, 1964 
Plate XV, Figures 12 


1964: Sphaerochitina brevispinosa Grignani and Mantovani, Rev. Micro- 
paleo... 6(4), p..252, Pi. 4, figs, 5-6. 


DESCRIPTION: Test, flask shaped with a sub-globular to ovoid body chamber 
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and a short, almost undefined neck, neck flared at the lip; wall orna- 
mented with simple spines 9.3-15.5 microns long and 2.0-3.1 microns 
maximum diameter, spines sparsely and randomly distributed all over the 
body; some spines at the lip appear to emerge from the inside wall of 


the lip; prosome not observed. 


DIMENSIONS (in microns): One specimen measured. 


Total Neck Chamber Neck Aperture 
Length Length Diameter Diameter Diameter 
Wd 46(?) 87 AQ 65 


ILLUSTRATED SPECIMEN: 
Sample SE/10-1/8000/4; Co-ordinate 116.6/30.4. 


LOCALITY: This species was only observed from the SE/10-1 well. 


OCCURRENCE AND STRATIGRAPHIC RANGE: This species was described by Grig- 


nani and Mantovani (1964) from the Middle and Upper Devonian of Morocco. 


REMARKS: The Ghanaian specimens of this species are fairly similar to 
the Moroccan specimens by the shape of the test. The Ghanaian specimens 


however appear to have much longer spines than the Moroccan specimens. 


SPHAEROCHITINA CUVILLIERI Taugourdeau, 1962 
Plate XVI, Figures 2-4 


1962: Sphaerochitina cuvillieri: Taugourdeau, Rev. Micropaléo., 4(4), 
peeees, Te71, Figg. ie, 19. 

1964: Sphaerochitina cuvillieri: Taugourdeau, Grignani and Mantovani, 
Rey. Micropaleo., 6(4).<p. 254, 1., 4, figs. 10, 11. 
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1971: Sphaerochitina cuvillieri: Taugourdeau, Costa, An. Acad. Brasil. 


Gienei ch4Bsyp. 2601, -figed86. 


DESCRIPTION: Test flask shaped; body sub-ovoid; neck sub-cylindrical, 
flared at the lip; wall ornamented with thin spines 9.3-10 microns long 
and 1.0-1.5 microns maximum diameter; Spines in many specimens are abraded 
but the spine bases were quite evident; some few specimens have their 


Spines interconnected at the base; prosome plug-like within the neck. 


DIMENSIONS (in microns): 5 specimens measured, 


Total Neck Chamber Neck Aperture 

Length Length Diameter Diameter Diameter 
Range: 171-186 66-62 87-99 40-53 40-68 
Mean: 180 61 $0 47 56 


ILLUSTRATED SPECIMENS: 

PT. XVI, fig. 2, Sample SE/10-1/8000/3, Co-ordinate 115.8/43.1 

Pl. XVI, fig. 3, Sample SE/10-1/8000/2, Co-ordinate 122.4/39.8 

Pl. XVI, fig. 4, Sample A-1/1266-1268/3, Co-ordinate Ve5.0/20.2 


LOCALITY: This species was found in the SE/10-1 well at 8,000 feet depth 
and a few specimens in the A-1 well. The species was not observed in the 


UC/19-2A well. 


OCCURRENCE AND STRATIGRAPHIC RANGE: This species has been described 
from the Upper Devonian in the Sahara (Taugourdeau, 1962). Grignani 
and Mantovani (1964) reported the species from the Upper Devonian in 
Morocco, and Coster (1971) has recorded it from the Lower and Middle 


Devonian in Brazil. 
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REMARKS: The Ghanaian specimens of this species are similar to other 
Specimens which have been recorded elsewhere. A few specimens of the 
Species found in Ghana have some of their spines interconnected. These 
varieties are quite different from Angochitina mourai (Lange, 1949) 
Lange 1967, some of this have similar characteristics in the spine ar- 


rangements. Angochitina mourai has spherical or globular body chamber 


as compared with the sub-ovoid body chamber of Sphaerochitina cuvillieri. 


SPHAEROCHITINA sp. 1 
Plate XIV, Figures 1-4 


DESCRIPTION: Test flask shaped; body chamber sub-ovoid with the greatest 
diameter near the base; neck short, about 1/3-1/4 total length of the 
test, usually flaring at the lip; wall ornamented with simple and occa- 
sionally bifurcate spines 12-15 microns long and 2.5-3.0 microns maximum 
diameter, spine size reduced at the lip; some specimens have relatively 
larger spines near the base; prosome short, plug-like within the neck, or 


absent in some specimens. 


DIMENSIONS (in microns): 10 specimens measured. 


Total Neck Chamber Neck Aperture 
Length Length Diameter Diameter Diameter 
Pl. XIV, 
fig. 2: 186 62 93 40 47 
Range: 124-186 31-62 68-93 37-47 37-47 
Mean: 158 43 78 38 43 


ILLUSTRATED SPECIMENS: 
Pl. XIV, fig. 1, Sample SE/10-1/8250/3, Co-ordinate 121.6/37.0 
Pl. XIV, fig. 2, Sample UC/19-2A/8600/2, Co-ordinate 126.0/37.4 
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Pl. XIV, fig. 3, Sample UC/19-2A/8600/2, Co-ordinate 126.2/52.0 
Pl. XIV, fig. 4, Sample UC/19-2A/8800/4, Co-ordinate 118.5/52.0 


LOCALITY: This species occurs commonly in all the three wells studied. 


REMARKS: Most specimens of this species observed appeared to be folded 
at the base. The species is generally similar to Sphaerochitina schwalbi 
Collinson and Scott in the shape of the test. S. schwaibi however, has 
minute, simple spines as contrasted with simple and occasionally bifur- 
cate much longer spines observed in S. sp. 1. A few specimens of this 
Species have relatively larger spines resembling those of Ancyrochitina 
sp. cf. A. sp. Jansonius. However, A. sp. cf. A. sp. Jansonius has more 


densely distributed spines which are much finer. Distinct basal processes 


also occur in A. sp. cf. A. sp. Jansonius. 


SPHAEROCHITINA sp. 2 
Platten ier TOUTES / 4m lOge Sonn 7. 


DESCRIPTION: Test, short, cylindro-globoid; body chamber, sub-globular 
to conoid with maximum diameter near the base; neck short, cylindrical 

or occasionally flared at the lip; wall sparsely ornamented with simple 
Spines, 10.0-12.5 microns long and 1.5-2.3 microns maximum diameter, pro- 


some elongate and annulated or short and plug-like within the neck. 


DIMENSIONS (in microns): 10 specimens measured: 


Total Neck Chamber Neck Aperture 
Length Length Diameter Diameter Diameter 
Pi. ALY, 
fig. 7: 177 62 96 ey; 40 
Range: 140-177 47-62 96-105 34-105 37-47 


Mean: 155 47 99 a7 40 
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ILLUSTRATED SPECIMENS: 

Pl. XIV, fig. 7, Sample UC/19-2A/8700/2, Co-ordinate 123.2/56.0 
Pl. XIV, fig. 10, Sample UC/19-2A/8700/1, Co-ordinate 118.4/23.4 
Pl. XIV, fig. 13, Sample UC/19-2A/8700/1, Co-ordinate 124.5/43.2 
PhagklV, figoi?7gaSample UC/19-2A/8700/1, Co-ordinate 121.6/66.2 


LOCALITY: This species occurs commonly in the UC/19-2A well at 8,700 


feet depth. A few specimens were also observed from the SE/10-1 well. 


REMARKS: This species differs from Sphaerochitina schwalbi Collinson 


eet ee 


and Scott by its well defined and longer neck and sparsely distributed 
spines. Sphaerochitina sp. 1 has much thicker and more densely distri- 


buted spines. 


SPHAEROCHITINA sp. 3 
Plate II, Figures 5, 6 
Plate XV, Figures 1, 5-8, 11, 13-15. 


DESCRIPTION: Test, flask shaped with an ovoid body chamber and a long, 
Slightly tapering neck about 3/5 the total length of the neck; neck 
flared at the lip; wall ornamented with finely hispid to fairly long and 
thin spines 2-10 microns long and less than 1.5 microns maximum diameter, 
spines distributed uniformly over entire body; prosome long, annulated 


within the neck. 
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DIMENSIONS (in microns): 10 specimens measured. 


Total Neck Chamber Neck Aperture 
Length Length Diameter Diameter Diameter 
Pale As 
fig. 8: 220 93 90 40 43 
Range: 217-254 100-127 87-96 38-47 43-68 
Mean: 240 107 93 43 60 


ILLUSTRATED SPECIMENS: 

Preml is T19Se 95 6, sample se/ 10-1/8250 

Pl. XV, fig. 1, Sample UC/19-2A/8650/1, Co-ordinate 121.3/56.2 
Pl. XV, fig. 5, 6, Sample SE/10-1/8250/5, Co-ordinate 119.0/37.1 
Pl. XV, fig. 7, Sample SE/10-1/8250/4, Co-ordinate 126.4/42.2 
Pl. .XV, fig. 8, Sample SE/10-1/8220/1, Co-ordinate 115.9/43.8 
Pl. XV, fig. 11, Sample A-1/1454-1456/1, Co-ordinate 120.5/33.2 
Pl. XV, fig. 13, Sample SE/10-1/8750/2, Co-ordinate 113.5/30.4 
Pl. XV, fig. 14, Sample A-1/1454-1456/1, Co-ordinate 114.8/43.5 
Pl. XV, fig. 15, Sample A-1/1454-1456/2, Co-ordinate 123,1/35.4 


LOCALITY: This species occurs commonly in the SE/10-1 well. A few speci- 
mens of the species were found in the A-1 well, and only one speciimen of 


the species was observed from the UC/19-2A well. 


REMARKS: This species has similarity in the shape of the test to Sphaero- 
chitina lucianoi Sommer and Van Boekel (1965, Pl. II; Pl. III, figs. 

3-6; text-fig. 3), but a "body chamber slit" and a "ring-shaped peri- 
pheral swelling described for S$. lucianoi were not observed in S. sp, 3. 
Sphaerochitina fenestrata described by Taugourdeau and Jekhowsky (1960) 


from the Famennian of the Sahara has much longer neck and somewhat globu- 
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lar body chamber. S. vitrea Taugourdeau has somewhat conical body 


chamber with a broad cylindrical neck. 


UROCHITINA Taugourdeau and Jekhowsky, 1960 


Type species: Urochitina simplex Taugourdeau and Jekhowsky, 1960. 


DIAGNOSIS: Tests medium to small size, elongate, pyriform to clavi- 
form; neck long; base rounded; at aboral pole a long, narrow copula or 


Sleeve occurs; prosome elongate, with annulated tube. 


UROCHITINA sp. cf. U. BASTOSI van Boekel, 1967 
Plate XVIII, Figure 5 


1967: Urochitina bastosi van Boekel, Div. Geol. Min. Dept. Nac. Prod. 
Min., Rio de Janeiro, G.B., p. 247, Pl. I, figs. 1-7, test--figs. 
te, Sachs 

1968: Urochitina bastosi van Boekel, van Boekel, Dept. Nac. Produc. 
MiNeévdl. Liv. uecol. Mines L46.10. 7, Pl. Py figs. t-3. 

1971: Urochitina bastosi van Boekel, Costa, An. Acad. Brasil. Cienc., 


War pancou (higs 192): 


DESCRIPTION: Test medium size, body chamber elliptical; neck short, 
flaring; lip fringed or serrated at the periphery; flexure broad; base 
convex extending into a (broken?) appendix; wall thick, opaque; prosome 


not observed, 


DIMENSIONS (in microns): One specimen measured. 


Total Neck Max. Chamber Neck Aperture 
Length Length Diameter Diameter Diameter 


261 78 78 44 Spe) 


of <en pean roxie ‘tone 0 cation en | 2 2 


-~Pyats 
Pee | 


Ne BFUROD WOTTBH smnot 6 stag Tervods. $6. thobowoy ae6d. 4g 
-odiad: a Oat" cegrenale gry | 


5 3 i - aid 24% A% af 4 4. ti 
* 7 hal - : a a 
5 v a ) 


“ARO faao® me, TEOTAAB ol tp 9 TO 
(ete) ht, moma al ai8Fh ee oN 


shovt an Je ah fos wie totieot ari tafdaoy Bi 
0 J a 08 8 nt 


a ‘ 


| ae tentab? cut 


y 


-2ubort 28th sige aad row ¢ cleisod naw pore 


cles 


cat agit a. ian a BRE cent toad atts te 


ily hae beak, ae 200 feisot aay 7 i Rae 
| «(88 ai, ie ae 


ro 


| poorer oy coate woth iet "yc 
- pd t8 taTSy 192,10 sn 


185 


ILLUSTRATED SPECIMEN: Sample SE/10-1/8250/1, Co-ordinate 119.0/31.8 


LOCALITY: This species is very rare, only the figured specimen was 


found from the SE/10-1 well at 8,250 feet depth. 


OCCURRENCE AND STRATIGRAPHIC RANGE: Urochitina bastosi was described by 
van Boekel (1967) from the Middle Devonian of Brazil. The species ap- 


pears restricted to the Middle Devonian. 


REMARKS: Urochitina bastosi as described by van Boekel has a long flar- 
ing neck and an elliptical body chamber the base of which is extended 
into a long filiform appendix which ends in a knob-like triangular loop. 
In the Ghanaian specimen, this filiform appendix appears to have broken 
off but its hase to the body is quite evident. The Ghanaian specimen 

has much shorter neck as compared to the Brazilian specimens. Urochitina 
simplex Taugourdeau and Jekhowsky, though comparable in shape to the 
Ghanaian specimen is ornamented with jong hair-like processes at tne 
neck. Urochitina verrucosa Taugourdeau and Jekhowsky nas the surface 
covered with verrucae and tufts of fine hair at the base, instead of the 


basal appendix. 


CHITINOZOAN TYPE A 


Plate XVI, figures 5, 8, 10 


DESCRIPTION: Test flask shaped; body chamber ovoid; neck short, cylin- 
drical, about 1/4-1/3 total length of the test; wall ornamented with 
densely distributed mesh-work of fine strands of about 1.5 microns dia- 


meter; prosome plug-like within the neck. 
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DIMENSIONS (in microns): 6 specimens measured. 


Total Neck Chamber Neck Aperture 
Length Length Diameter Diameter Diameter 
Pl. XVI, 
Bids 2b. 195 47 90 37 37 
Range: 195-248 47-67 99-96 37-40 37-40 
Mean: 238 60 93 39 39 


ILLUSTRATED SPECIMENS: 

Pl. XVI, fig. 5, Sample SE/10-1/8220/4, Co-ordinate 120.0/40.0 
Pl. XVI, fig. 8, Sample UC/19-2A/8150/3, Co-ordinate 116.6/54.4 
Pl. XVI, fig. 10, Sample SE/10-1/8220/3, Co-ordinate 118.5/64.3 


LOCALITY: This species is rare; one specimen was found from the UC/19-2A 
well and a few specimens from the SE/10-1 well. The species was not 


observed from the A-1 well. 


REMARKS: The general shape of the test of Chitinozoan type Ais charac- 
teristic of the genus Sphaerochitina Eisenack, 1955. However, the walt 
of Sphaerochitina is either smooth or ornamented with simple or occasional ~ 


ly bifurcate spines. 


CHITINOZOAN TYPE B 
Plate I, Figures 5-7 


PLALAUV Lr 1GUreS le 1213. 217 


DESCRIPTION: Test medium size, flask shaped with a sub-globular body 
chamber and a short, sub-cylindrical neck about 1/3 the total length of 


the test; wall ornamented with closely-set, dense, meshwork of strands 
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or processes, which cover the entire surface of the test; diameter of 
these strands is less than one micron; when poorly preserved, the strands 


form a sort of net on the surface of the body; prosome not observed. 


DIMENSIONS (in microns): 5 specimens measured. 


Total Neck Chamber Neck Aperture 
_Length Length Diameter Diameter Diameter 
7 ae 
Trg, Shs: a 78 109 63 74 
Range: 217-254 78-93 109-115 63-68 71-74 
Mean: 240 85 112 65 k3 


ILLUSTRATED SPECIMENS: 

Pl. I, figs. 5-7, Sample SE/10-1/8200 

Pie AVE T1G. ne Sample SE/10-1/8220/2, Co-ordinate 120.8/41.0 

Pl. XVI, figs. 12, 13, Sample SE/10-1/8220/4, Co-ordinate i125.9/39.7 
Pl. XVI, fig. 17, Sample SE/10-1/8220/3, Co-ordinate 116.2/44.1. 


LOCALITY: This species was found only from the SE/10~-1 well at 8,220 feet 


depth. It was not observed from the other two wells. - 


REMARKS: The shape of Chitinozoan type Bis characteristic of the genus 
Angochitina Eisenack, 1931. Angochitina however, has spinose ornamen- 
tation. Stephanochitina Grignani and Mantovani, 1964, has similar 

test shape as Chitinozoan type Bbut the ornamentation of Stephanochitina 
consists of several coarse branching spines, the tips of which in part are 
anastomose. The ornamentation observed inChitinozoan type Bis closely 


similar to Chitinozoa type A but they differ in the shape of the tests. 
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 CHITINUZOAN TYPE C 


Plate XVI, Figures 6, 7 


DESCRIPTION: Test medium size, sub-cylindrical with almost straight 

to broadly concave sides, chamber/neck junction indistinct; base rounded, 
convex; wal! ornamented nite densely distributed fine mesh-work of strands 
Similar to the ornamentation observed in Chitinozoan types A and B; prosome 


not observed. 


DIMENSIONS (in microns): Two specimens measured. 


Total Maximum Aperture 
Length Diameter Diameter 
ai eu aia 
fig. 6: 202 90 74 
Pl KVI, 
fig. 6: 190 84 62 


ILLUSTRATED SPECIMENS: 
Pl. XVI, fig. 6, Sample A-1/1522-1524/2, Co-ordinate 125.6/34.4 
Pl. XVI, fig. 7, Sample SE/10-1/8700/1, Co-ordinate 118.0/28.4 


LOCALITY: Only the two figured specimens of this species were observed, 
one from the SE/10-1 well at 8,700 feet depth and the other from the A~1 


well at about 5,030 feet. 


CHITINOZOAN TYPE D 
Plate XVI, Figures 15, 16 
Text--Figure 19d 


DESCRIPTION: Test medium size, bulb-shaped; body chamber sub-globular, 
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Morphological Yariability of some Chitinozoa species from the 
Devonian of Ghana. (Semi-diagrammatic. Magnification of all 
illustrated specimens X300, unless otherwise stated). 

19a, ?Alpenachitina sp. 13; 19b,?cConochitina sp. 5; 19c, 
Eisenachitina $p. 1; 19d, Chitinozoa type D (X480); 19e, 
Chitinozoa type E. 
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neck short, sub-cylindrical; flexure broad; wall densely covered with 
mesh-work of interwoven strands of 1.8-3.2 microns diameter; prosome 


appears plug-like within the neck. 


DIMENSIONS (in microns): One specimen measured, 


Total Neck Chamber Neck Aperture 
Length Length Diameter Diameter Diameter 
143 | a 56 47 A7 


ILLUSTRATED SPECIMEN: 
Sample SE/10-1/9050/6, Co-ordinate 124/0/30.0 


LOCALITY: A few specimens of this species were observed from the SE/10-1 


well at 9,050 feet depth. 


REMARKS: The few specimens of this Species observed in the samples were too 
poorly preserved to make complete diagnosis of the ornamentation pattern 
possible. The ornamentation of this species is closely similar to 
Chitinozoantypes A, B and C, except that the strands Forming the mesh-work- 


of this species are broader than that of Chitinozoan types A, B and C. 


CHITINOZOAN TYPE E. 
Plate II, Figures 3, 4 
Plate XV, Figures 2, 3, 4 


Text--figure 19e 


DESCRIPTION: Test medium size, flask shaped; body chamber sub-glcbular; 
neck cylindrical, slightly flared at the lip, length of neck 1/2-1/3 


total length of the test; wall ornamented with a network of thin strands 
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of about 2.8-3.0 microns in diameter; this network of strands becomes 
easily eroded from body surface but patches of it occur in various places; 
when the ornamentation is completely abraded, the wall appears very smooth; 


prosome elongate, plug-like within the neck. 


DIMENSIONS (in microns): 4 specimens measured. 


Total Neck Chamber Neck Aperture 
Length Length Diameter Diameter Diameter 
AEE | 
fig. 4: 167 | gl 81 43 56 
Range: 167-273 71-140 81-90 40-47 47-68 
Mean: 240 110 87 43 46 


ILLUSTRATED SPECIMENS: 

Pl. II, figs. 3, 4, Sample A-1/1266-1268 

MBKLVi! FIG. 25 Sainpie A-1/1266-1268/2, Co-ordinate 125.0/38.3 
Pl. XIV, fig. 3, Sample A-1/1266-1268/1, Co-ordinate 116.0/37.8 


Pl. XIV, fig. 4, Sample A-1/1298-1300/1, Co-ordinate 125.0/38.5 


LOCALITY: This species was found only from the Atiavi-1l well. it was 


not observed from the two other wells. 
REMARKS: This species differs fromChitinozoan type D by its longer 
neck and better defined network of thin strands. 

CHITINOZOAN TYPE F 


Plate XVIII, Figure 2 


DESCRIPTION: Test elongate with a short, sub-rounded chamber and a long, 
broad and flaring neck, length of neck about 3/4 the total length of the 
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test; flexure broad, distinct; shoulder distinct, basal edge rounded 
with about eight short, broad, simple basal processes with blunt extremi- 
ties, length of basal processes 10-15 microns long and 4-8 microns dia- 
meter at the base; wall opaque, with occasional spine bases; long, cylin- 
drical blunt spines occur near the aperture, some of which appear to 


emerge from inside the wall of the lip; prosome not observed. 


DIMENSIONS (in microns): One specimen measured. 


Total Neck Chamber Neck Aperture 


Length Length Diameter Diameter Diameter 


177 125 a3 64 100 


ILLUSTRATED SPECIMEN: 
Sample SE/10-1/9050/4, Co-ordinate L110.7/8.0 


LOCALITY: . This species is very rare; only the figured specimen was 


observed from the SE/10-1 well at 9,050 feet depth. 
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Incertae Sedis 
Group ACRITARCHA Evitt, 1963 
Subgroup ACANTHOMORPHITAE Downie, Evitt and Sarjeant, 1963 
Genus AMMONIDIUM Lister, 1970 


Type Species: Baltisphaeridium microcladum Downie, 1963 


DIAGNOSIS: Vesicle hollow, spherical to ellipsoidal, single-walled; 
vesicle wall smooth or sculptured; processes numerous, evenly spaced, 
more or less rigid, hollow, tapering, communicating freely with the 

vesicle.cavity; distally the processes have equifurcate terminations; 


excystment by cryptosuture, apical or near-equatorial. 


AMMONIDIUM sp. 1 

Plate XIX, Figure 1 
DESCRIPTION: Vesicle, circular, small; 26-50 microns in diameter; pro- 
_eesses numerous, short 3.8-4.0 microns jong and 1.8-2.0 microns basal 


diameter, slightly tapering to the base of multifurcate tips. 


DIMENSIONS (in microns): 30 specimens measured. 


Vesicle Process Process 
Diameter Length Basal Diameter 
Pas ADK 
Fig. 1: 26 4.0 cau 
Range: 26-30 3.8-4.0 1.8-2.0 
Mean: 28 4.0 Wee 


ILLUSTRATED SPECIMEN: 
Sample UC/19-2A/8480/1, Co-ordinate 112.6/35.5 
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LOCALITY: This species occurs commonly in all the three wells studied. 


AMMONIDIUM sp. 2 
Plate XIX, Figure 2 
Plate XX, Figures 1-3 


DESCRIPTION: Vesicle circular, 31-45 microns diameter with numerous, 


usually 24-36, equally spaced processes crossing the outline of the 


vesicle, processes hollow, gradually tapering to the base of equifur- 


cate tips, process length 12-33 microns, process basa! diameter 2.1-4.5 


microns; tips 4-6 branches observed measuring 4.5-6.0 microns long; wal] 


of vesicle and processes smooth or finely granular. 


DIMENSIONS (in microns): 20 specimens measured. 


Vesicle Process Process 
Diameter Length Basal Diameter 
PMS, 
Fig. 2: 3/ 15 bis 
Range: 31-45 10-34 2.1-4,5 
Mean: o7 18 3.5 


ILLUSTRATED SPECIMENS: 


Pl. 
Pl. 
Pl. 
Pl. 


XIX, Fig. 2, Sample UC/19-2A/8480/1, Co-ordinate 117.2/36.5 
XX, Fig. 1, Sample A-1/14 C/2, Co-ordinate 122.2/35.2 

XX, Fig. 2, Sample UC/19-2A/7700/2, Co-ordinate 119.5/48.9 
XX, Fig. 3, Sample SE/10-1/8450/3, Co-ordinate 109.0/51.5 


LOCALITY: This species occurs commonly in all the three wells studied. 
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REMARKS: This species appears to be similar to Anmonidium (Multiplici- 
sphaeridium?) sprucegrovensis described by Staplin (1961) from the Upper 
Devonian in central Alberta, Canada. The Canadian specimens have tetra- 
furcate tips and the tests are smooth, besides the lenge a of the pro- 
cesses ranges i 10-16 microns. The Ghanaian specimens have longer 
processes, 10-34 microns; the tips are tetrafurcate, quinquefurcate or 
hexafurcate and the walls of many specimens observed are granular. 
Ammonidium sp. 1 is much smaller in size and has numerous short processes 


whose tips are invariably multifurcate. 


AMMONIDIUM sp. 3 


Plate XX, Figure 5 


REMARKS: This is a very rare species, only the figured specimen was 
observed. . It is similar to Ammonidium sp. 2 but has only six observed 
processes be shasie by multifurcate tips. Vesicle diameter 47 microns; 
process length 30 microns. The figured specimen was found from the 


UC/19-2A well at 8,480 feet deep. 


Genus CRAMERIA Lister, 1970 


Type species: Baltisphaeridium? duplex Cramer, 1964 


DIAGNOSIS: Double-walled acritarchs consisting of a hollow, thick 
single-walled.central capsule of rounded polygonal form; surrounding 
the central capsule is a loosely attached thin, outer wall which ex- 


tends to form three or more processes. Excystment by cryptosuture. 
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CRAMERIA PHAROANIS PHAROANIS (Deunff, 1954) Jardine et al., 1972 
Plate XXV, Figure 7 

1954: Polyedryxium pharoanis Deunff, Comtes Rendus, Acad. Sci., Paris, 
C39, IDO LUO OS Ig to 

1955: Polyedryxium pharoanis Deunff, Deunff, Bull. Microsc. Appl., (2)5, 
Dee leone texteragc 13. 

1972: Crameria pharoanis pharoanis (Deunff) Jardiné et al. Compte Rendu, 
de ie Ol oP) eked 10. 

DESCRIPTION: Vesicle polyhedral or cubic shaped; wall double, an inner 


wall surrounded by an outer wall which is extended to form simple, spine- 


like processes at the corner of the vesicle; process tips sharply pointed; 


Surface of vesicle smooth, surface of processes granular to echinate. 


DIMENSIONS (in microns): 10 specimens measured. 


Vesicle Process Process 

Diameter Lenath Basal Diameter 
Range: 28-36 24-28 © Oe bone 
Mean: 33 26 Bee 


ILLUSTRATED SPECIMEN: 
Sample SE/10-1/8450/3, Co-ordinate 115.6/33.5 


LOCALITY: This species was observed from the three wells, but is rare. 


OCCURRENCE AND STRATIGRAPHIC RANGE: Crameria pharoands (Deunff) and its 
various sub-species have bean recorded from various Devonian sediments; 
e.g.: Hamilton Group, Canada (Deunff, 1955); Frasnian in Belgium (Stock- 
mans and Williere, 1962); Emsian to Frasnian in the Sahara (Jardiné et 
al., 1972). The stratigraphic range of Crameria pharoanis pharoanis 


(Deunff) Jardiné et al. of which the Ghanaian specimens are closely simi- 
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Genus EVITTIA Brito, 1967, emend. Lister, 1970 


Type species: Evittia sommeri Brito, 1967 


EMENDED DIAGNOSIS: Vesicle hollow, sub-spherical to polygonal, single- 
walled; vesicle wall may be smooth or sculptured; processes are hetero- 
morphic, hollow, invariably granular to echinate, communicating freely 
with the vesicle cavity. Excystment by cryptosuture, apical or near 


equatorial. 


EVITTIA GRANULATISPINOSUM (Downie, 1963) Lister, 1970 
Plate XIX, Figure 6 


1963: Baltisphaeridium granulatispinosum Downie, Palaeont., 6(4), 


be 
e 
So 
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1967: Baltisphaeridium granulatispinosum Downie, Martin, Bull. Soc. 


— | 


40, 


Belge Géol. Paléont. Hydrol., 75 (3), p. 310, 326, Pl. 1, fig. 24. 


1967: Baltisphaeridium granulatispinosum Downie, Lister and Downie, 


Palaecnt., OU 2 ae i ers tag he. 

1970: Evittia granulatispinosum (Downie) Lister, Palaeont. Soc. Mono., 
Oy. tbs eth epee 329, nko, Bless, fidierd; HexXt-Tigs. 
170, 20b. 

1972: Evittia granulatispinosa (Downie) Lister, Deunff and Paris, Soc. 
Geol. Min. Bretagne, Bull. série C, 111(2), Pl. 1, fig. 6. 
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DESCRIPTION: Vesicle spherical to ellipsoidal, occasionally polygonal; 
processes few, spine-like, occasionally branched at the tip; wall coarse- 


ly granular to echinate. 


DIMENSIONS (in microns): 10 specimens measured. 


Vesicle Process Process 

Diameter Lengtn Basal Diameter 
‘Range: 25-30 45-50 3.8-4.5 
Mean: 27 48 4.3 


ILLUSTRATED SPECIMEN: 
Sample UC/19-2A/8480/2, Co-ordinate 119.3/29.6 


LOCALITY: This species was observed from the UC/19-2A well, but is rare. 


OCCURRENCE AND STRATIGRAPHIC RANGE: This species was first described 
from the Wenlock, Shropshire (Downie, 1963). It occurs commonly in the 
Wenlock and Ludlow Series, Shropshire (Lister, 1970). The species has 


also been recorded from the Wenlock, Belgium (Martin, 1967} and Siluro- 


Devonian in the Plourach Region, North Coast (Deunff and Paris, 1972). 


REMARKS: The Ghanaian specimens are closely similar to specimens recorded 


elsewhere. 


EVITTIA REMOTA (Deunff, 1955) Lister, 1970 
Plate AXLT > bigures 4, 2,743.5 
Plate XXIII, Figure 3 


1955: Veryhachium remotum Deunff, Bull. Micros. Appl., 2(5), p. 146, 
Pl. 4, fig. 8. 
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1964: Veryhachium rabiosum Cramer, Leidse Geol. Med., 30, p. 299, P1l..V, 
iq t senlmeen risers eras he! VEPs fags. 9 not fF IGS. 05: 

1966 Veryhachium remotum Deunff, Rennes, p. 60, Pl. 4, fig. 28. 

1967: Veryhachium sp. 1 and sp. 2, Beju, Paleobot. Palynol., 5(1-4), 
DFO RP aE Pigs.7t-4. 

1968: Veryhachium sp. 2 (group V. remotum); Jardiné and Yapaudjian, 
Reve “inst. /Fr.“Pétrote, 13 (4))“p.. 4645 Pl. 4) Fiqswe, '2. 

1970: Evittia remota (Deunff) Lister Palaeont. Soc. Mono., p. 69, 
Pie A Tigss IG=1 TL S4s=1 SPP Te Ds FIG T, 


1972: Evittia remota remota (Deunff) Jardiné et al. Compte Rendu, 1, 


Delhi bss CIOS. elUbs ate. 


DESCRIPTION: Vesicle variably shaped, usually tetrahedral, formed by 
fusion of broad bases of the processes; processes bifurcate; surface 


granular to echinate. 


DIMENSIONS (in microns): 20 specimens measured. 
Total Diameter 
Range: 87-188 


Mean: 150 


ILLUSTRATED SPECIMENS: 

Pl. XXII, Fig. 1, Sample UC/19-2A/8480/4, Co-ordinate 122.3/73.2 
Pl. XXII, Fig. 2, Sample UC/19-2A/8480/1, Co-ordinate 118.8/69.2 
Pl. XXII, Fig. 4, Sample UC/19-2A/8950/1, Co-ordinate 119.7/25.4 
P1. XXII, Fig. 5, Sample UC/19-2A/8480/1, Co-ordinate 118.8/69.2 
Pl. XXIII, Fig. 3, Sample UC/19-2A/8480/4, Co-ordinate 118.0/62.2 
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LOCALITY: This species occurs commonly in all the three wells studied. 


OCCURRENCE AND STRATIGRAPHIC RANGE: This species occurs very commonly 
in various Paleozoic sediments. The species has been recorded from the 
Devonian, Canada (Deunff, 1955, 1966); Devonian, Tunisia (Deunff, 1966); 
Middle Siegenian to Emsian, NW Spain (Cramer, 1964); Early to Middle 
Devonian, Brazil (Brito, 1964, in Lister, 1970, p. 70); Lower Devonian, 
Romania (Beju, 1967); Emsian to Givetian, Algeria (Jardiné and Yapaud- 
jian (1968); Wenlock and Ludlow Series, Shropshire (Lister, op. cit.), 


and Emsian, Sahara, Algeria (Jardiné et al., 1972). 


REMARKS: The Ghanaian specimens of this species are essentia!ly simi- 
lar to other specimens recorded elsewhere. The ornamentation of all 
the specimens observed varied from finely granular to coarsely granu- 


lar or echinate. 
EVITA spe @ 
Plate XXIII, Figure 2 


DESCRIPTION: Vesicle made up of inflated bulbous bases of four pro- 
cesses symmetrically situated at right angles to each other; processes 


are bifurcated at the tips; wall coarsely granular to echinate. 


DIMENSIONS (in microns): 10 specimens measured, 


Tota] 
Diameter 
Pl, XX 
figee: 192 
Range: 150-195 


Mean: : 160 
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ILLUSTRATED SPECIMEN: 
Sample UC/19-2A/8950/3, Co-ordinate 115.5/64.8 


LOCALITY: This species occurs in all the three wells studied but rare. 


REMARKS: This species differs from Evittia remota (Deunff) Lister, by 
its bulbous basal processes and the absence of defined tetrahedral Shape 


of the vesicle. 


?EVITTIA sp. 2 
Plate XX, Figure 9 


REMARKS: This species is essentially similar to Multiplicisphaeridium 


—_--—- 


arbusculiferum (Downie, 1963) Staplin et al., 1965, by its sub-spherical 


-vesicle and the nature of the bifurcating eappendages, but it -is ornamented 


with granulations. 


DIMENSION (in microns): Figured specimen measured. 


Total Vesicle . Process Process 
Diameter Diameter Length Basal Diameter 
80 28 26 3.1-4.0 


ILLUSTRATED SPECIMEN: 
Sample UC/19-2A/8480/4, Co-ordinate 109.0/45.6 


LOCALITY: This species was observed from the UC/19-2A well at 8,480 


feev-depth. It 1s rare. 
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Genus MICRHYSTRIDIUM (Deflandre, 1937) emend. Lister, 1970 
Type species: Hystrichosphaera inconspicum Deflandre, 1935 


EMENDED DIAGNOSIS: Vesicle sub-spherical to polygonal; processes are 
closed at the tips, generally homomorphic, simple, capitate or with 
very brief branches; vesicle small, mean and modal diameter of vesicles” 
generally less than 20 microns; processes communicate freely with 
vesicle cavity; an inner wall, if present, is highly appressed to the 
outer wall; excystment by cryptosuture, dehiscence aradual by stages; 


position of suture apical or near-equatorial. 


MICRHYSTRIDIUM STELLATUM Deflandre, 1945 
PPate XTX; "Frqures 10, Pl, 159 16 


1945: Micrhystridium stellatum Deflandre, Annis Paleont., 31, p. 65, 
PinSo seis, lool 

1964: Micrhystridium stellatum (Deflandre) form group Cramer, Leidse 
GeO. Meds. oC, "Ds "O04, Pls oy TTS. Otlos Wis Luger lds. LokO's 
text-fig. 25. 

1970: Micrhystridium stellatum Deflandre, Lister, Palaeont. Soc. Mono., 


Bee oGs Pleo. TidSs im t/ Pla 0, fide 10) textel a leita, 


DESCRIPTION: Vesicle small, variable in shape, sub-spherical, poly- 
gonal, or sub-polygonal with simple spine-like processes which are vari- 


able in form and length; wall smooth or occasionally finely granular. 


DIMENSIONS (in microns): 20 specimens measured. 


Vesicle Processes 
Diameter | Length 
Range: 10-20 12-35 


Mean: 15 24 
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ILLUSTRATED SPECIMENS: 

Pl. XIX, fig. 10, Sample UC/19-2A/8480/1, Co-ordinate 122.9/44,9 
Pl. XIX, fig. 11, Sample UC/19-2A/8480/1, Co-ordinate 124.8/35.8 
Pl. XIX, fig. 15, Sample UC/19-2A/8480/1, Co-ordinate 117.3/18.4 
Pl. XIX, Tig. 16, Sample UC/19-2A/8480/2, Co-ordinate 121.4/37.2 


LOCALITY: This species occurs commonly in all the three wells. 


OCCURRENCE AND STRATIGRAPHIC RANGE: This species has been recorded 
from various Paleozoic sediments in various parts of the world. The 
known stratigraphic range is Llandovery to Lower Trias (Lister, 1970, 


perce): 


Genus MULTIPLICISPHAERIDIUM Staplin, 1961, emend., Lister, 1970 


Type Species: Multiplicisphaeridium ramispinosum Staplin, 1961 


EMENDED DIAGNOSIS: Vesicle hollow, spherical to ellipsoidal, single- 
walled; processes with closed tips, heteromorphic, simple or compound 
branching; wall. smooth or with minor ornamentation; no differentiation 
between vesicle wall and processes; process cavity in open connection 
with vesicle interior; excystment by cryptosuture, apical or near-equa- 


torial. 


MULTIPLICISPHAERIDIUM RAMUSCULOSUM (Deflandre, 1945) Lister, 1970 
Plate XIX, Figures 3, 4, 9 | 
Plate XX, Figure 6 


1945: Hystrichosphaeridium ramusculosum Deflandre, Annls Paleont., 
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Ole ee Gos rie reais. “O-lo; LeNtoT1TOS. Sos 09. 
1959: Baltisphaeridium ramusculosum (Deflandre) Downie, Palaeont., 2(1), 
p! '69, P12eTP, tiga 1s 


1963: Baltisphaeridium ramusculosum (Deflandre) Downie, Palaeont., 6(4), 


pp. 642-643, (no fig.). 

1964: Baltisphaeridium ramusculosum (Deflandre) Cramer, Leidse Geol. 
Meme eos Pe iUbe tr he eee Pigs. Ol 4), 8420, Os oe text-fig. 22:4, 

1966: Baltisphaeridium ramusculosum (Deflandre), Deunff, Rennes, p. 93, 
PY eo, 71 gS. 57-60, 63. | 

1967: Baltisphaeridium ramusculosum (Deflandre), Beju, Rev. Palaeobot. 
Palynol., 5(1-4), p. 42 (no. fig.). 

1968: Baltisphaeridium cf. ramusculosum (Deflandre) Jardine and Yapaud- 
Jiany Rev. Inst... Fr. Petrates 13(4). Pla 3, figs. Sy 9. 

$970: Multiplicisphaeridium ramusculosum (Deflandre) Cramer, Palaeont. 


Soc...Mono.,.p.. 92, Pl. LL..figs) &,. Ui-14, Text-fig.. 25a, 


DESCRIPTION: Vesicle spherical to sub-spherical, processes about ten 
more or less, short, branching, closed at. the tips; wall smooth or occa~ 


Sionally finely granular. 


DIMENSIONS (in microns): 20 specimens measured. 


Vesicle Processes Process 

Diameter Length Diameter at Base 
Range: 20-24 16-20 | 3.2-4.0 
Mean: ea 18 260) 


ILLUSTRATED SPECIMENS: 
Pl. XIX, fig. 3, Sample UC/19-2A/8480/3, Co-ordinate 125.3/55.6 
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Pl. XIX, fig. 4, Sample UC/19-2A/8480/2, Co-ordinate 118.8/22.8 
Pl. XIX, fig. 9, Sample UC/19-2A/8480/3, Co-ordinate 121.5/44.6 
Pl. XX, fig. 6, Sample A-1/14C/1, Co-ordinate 118.3/34.5 


LOCALITY: This species occurs commonly in all the three wells studied. 


——— — 


OCCURRENCE AND STRATIGRAPHIC RANGE: This species has been recorded 
from various Paleozoic sediments, such as Wenlock Shale, Shropshire 
Downie (1963); La Vid Shale (Devonian), NW Spain (Cramer, 1964); Cal- 
caire d'Angers (Emsian), Anjou (Moreau-Benoit, 1967); Moesian Platform 
(Lower Devonian), Romania (Beju, 1967); and Wenlock and Ludlow Series, 


Shropshire (Lister, 1970). 


- a U) e e e ° e e e 
REMARKS: The Ghanaian specimens of this species are essentially similar 
to various recorded specimens. Some specimens, however, bear general 


re  - e 


from the Frasnian in central Alberta (Staplin, 1961). 


-MULTIPLICISPHAERIDIUM ARBUSCULIFERUM (Downie, 1963) Staplin, Jansonius 
and Pocock, 1965 
PIAL@ Ath IMGs 5 Oe 


1963: Baltisphaeridium arbusculiferum Downie, Palaeont., 6(4), p. 644, 
Pl ors Tides Lemtrdal dour 


1964: Baltisphaeridium arbusculiferum Downie, Cramer, Leidse Geol. 
Mede* 30s De 2og, Pls ll, 11GS. ieee ee eet lee tise i c, 10, 
11 text-f195. 1 bei -0. 


1965: Multiplicisphaeridium arbusculiferum (Downie) Staplin, Jansonius 
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and Pocock, Neues Jb. Miner. Geol. Palaont. Abh., 123(2), p. 181, 
(no fig.). 

1967: Baltisphaeridium arbusculiferum Downie, Moreau-Benoit, Rev. Micro- 
pa reomy.t0(3).-p.. 201, Pl.-2, fig. 12, 

1967: Baltisphaeridium arbusculiferum Downie Beju, Rev. Palaeont. 

erro 6(1=4))0) 0.1425, (no fig.) 

1970: Mie iciicieohaeetdtm arbusculiferum (Downie) Staplin, Jansonius 


and Pocock, Lister, Palaeont. Soc. Mono.,p. 86, Pl. 10, figs. 14- 


€75 19; Plpulde otis. l-cltext-Tid. 25¢. 


DESCRIPTION: Vesicle, spherical, sub-spherical or sub-polygonal witn 
long, slightly tapering processes bifurcating in a sort of pinnate 


fashion; wall smooth. 


DIMENSIONS (in microns): 20 specimens measured: 


Vesicle Process Process 

Diameter Length Basal Diameter 
Range: 20-24 16-22 3.1-4.1 
Mean: oe 20 cs) 


LOCALITY: This species occurs commonly in all the wells studied. 


ILLUSTRATED SPECIMENS: 

Pl. XIX, fig. 5, Sample UC/19-2A/8480/1, Co-ordinate 117.8/23.4 
Pl. XIX, fig. 7, Sample UC/19-2A/8480/4, Co-ordinate 123.5/48.0 
Pl. XIX, fig. 8, Sample UC/19-2A/8480/3, Co-ordinate 123.3/24.0 


OCCURRENCE AND STRATIGRAPHIC RANGE: This species has been previously | 
recorded from the Wenlock Shale, Shropshire (Downie, 1963); La Vid 
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Shale (Devonian), NW Spain (Cramer, 1964); Calcaire d'Angers (Emsian), 
Anjou (Moreau-Benoit, 1967); Lower Devonian of the Moesian Platform, 
Romania (Beju, 1967) and the Wenlock and Ludlow Series, Shropshire 


(Lister, 1970). 


Subgroup POLYGONOMORPHITAE Downie, Evitt and Sarjeant, 1963 
Genus VERYHACHIUM Deflandre (1954), 1958, emend. Downie and Sarjeant, 
1963 


Type Species: Veryhachium trisulcum Deunff, 1954, 


DIAGNOSIS: A genus of acritarchs having polygonal or sub-polygonal 
tests bearing a small number (in general 3-8) of hollow pointed spines 


with closed tips; size of text 10-40 microns, rarely smaller or greater. 


VERYHACHIUM TRISPINOSUM (Eisenack, 1938) Cramer, 1964 
Pilate XXI, Figures 1-8 

1938: Hystrichosphaeridium trispinosum Eisenack, Z. f. Gesch., 14, p. 16, 
figs 23735 

1954: Veryhachium trispinosum (Eisenack) Deunff, C.R.S. Soc. Géol. Fr.,. 
bia p. 240 4 figs. 2 

1964: Veryhachium trispinosum (Eisenack) Cramer, Leidse Geol, Med. , 30, 
p. 304, Pl. VLII, text-fig. 26 


REMARKS: The formgroup" of V. trispinosum covers the following species 
and their transitional forms (Cramer, op. cit): V.reductum (Deunff, 
1959), V. downie Stockmans and Williére, 1962; V. trisulcum Deunff, 1959; 
V. trispinosum (Eisenack, 1931); V. geometricum (Deflandre, 1942). The 


size range of this group observed in the Ghanaian sediments is 18-40 


microns (longest side of vesicle, excluding processes). 
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ILLUSTRATED SPECIMENS: 

Pl. XXI, fig. 1, Sample UC/19-2A/9010/1, Co-ordinate 126.1/64.8 
Pl. XXI, fig. 2, Sample A-1/14C/2, Co-ordinate 118.7/27.8 

Pl. XXI, fig. 3, Sample A-1/14C/1, Co-ordinate 112.4/31.9 

Pl. XXI, fig. 4, Sample UC/19-2A/9010/1, Co-ordinate 122.9/31.0 
Pl. XXI, fig. 5, Sample UC/19-2A/8480/2, Co-ordinate 120.4/61.3 
Pl. XXI, fig. 6, Sample UC/19-2A/8480/2, Co-ordinate 120.4/61.3 
Pl. XXI, fig. 7, Sample UC/19-2A/8480/1, Co-ordinate 125.2/51.8 


Pl. XXI, fig. 8, Sample UC/19-2A/7550/1, Co-ordinate 125.1/47.4 


LOCALITY: This species occurs commonly to abundantly in all the three 


wells studied. 


OCCURRENCE AND STRATIGRAPHIC RANGE: This formgroup has been reported 
from various Paleozoic sediments. It is long-ranging and has little 


stratigraphic value. 


VERYHACHIUM EUROPAEUM (Stockmans and Williére, 1962) Cramer, 1964 
Plate XXI, Figures 9, 10 
1962: -Veryhachium europaeum Stockmans and Williére, Bull. Soc. Belg. « 
HEOle sin De OOS Pile ls 1 tGe Os 
1964: Veryhachium europaeum (Stockmans and Williére, 1962) Cramer, Leidse 
Med., 30, p. 306, Pl. IX, figs. 4, 6, 7, 8. 


REMARKS: This formgroup covers the following species and their transi-~ 
tional forms (Cramer, op. cit.): V. europaeum Stockmans and Williere, 
1962; V. europaeum (Stockmans and Williére) Wall and Downie, 1963; V. 
legrandi Stockmans and Williere, 1962; V. flagelliferum Wall and Downie, 


1963. The size range of this formgroup’ observed in the Ghanaian sedi- 
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ments is 15-35 microns (longest side of vesicle, excluding processes). 


ILLUSTRATED SPECIMENS: 


Pi. XXI, fig. 9, Sample UC/19-2A/8480/1, Co-ordinate 125.2/51.8 
Pl. XXI, fig. 10, Sample UC/19-2A/8480/3, Co-ordinate 112.0/20.5 


LOCALITY: This formgroup occurs commonly to abundantly in all the wells. 


OCCURRENCE AND STRATIGRAPHIC RANGE: This “formgroup” has been reported 
from various Paleozoic sediments. It is long ranging and has little 


Stratigraphic value. 


VERYHACHIUM STELLIGERUM Deunff, 1957 
Plate XIX, Figure 12 


1957: Veryhachium stelligerum Deunff, Buli. Soc. Geol. Miner. Bretagne, 


———_  ————— 


per kd; Jig../10. 
1964: Veryhachium stelligerum Deunff, Cramer, Leidse Geol. Med., 30, 


Pl. XL5 figs. 12-15; text-fig, 28:4-6. 


DESCRIPTION: Test star-shaped; processes five or six all in one plane; 
tips of processes blunt; wall granular; a slit-like opening occurs ii: 


the central portion of the test in many specimens. 


DIMENSIONS (in microns): 20 specimens measured. 


Test Total Process Process 
Diameter Length Basal Diameter 
Range: 35-50 13-20 6.2-8.3 
Mean: 39 15 jak 


ILLUSTRATED SPECIMEN: 
Sample UC/19-2A/8480/4, Co-ordinate 126.1/51.2 
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LOCALITY: This species occurs commonly in all the three wells. 


OCCURRENCE AND STRATIGRAPHIC RANGE: This species has been reported 
from the Middle Devonian, Canada (Deunff, 1957); Frasnian, Belgium 
“(Stockmans and Williére, 1962); and Lower Devonian (Emsian), NW Spain 


(Cramer, 1964). 


VERYHACHIUM LAIRDI (Deflandre, 1946) Deunff, 1958 
Plate XXIII, Figure 5 


a 


1946: Hystrichosphaeridium lairdi Deflandre, Fich. Micropal., 8(257), 

| fig. 112. 

1958: Veryhachium lairdi (Deflandre) Deunff, Bull. Soc. Géol. Min. 
Bretagne, p. 28, Pl. 8, figs. 75-79 

1963: Veryhachium lairdi (Deflandre) Stockmans and Willieére, Bull. 
S6c wa7) BelgmGédler pim45,gPheuseefig. 5, text-fig. 7. 

1964: Veryhachium lairdi (Deflandre) Deunff, 1958, Cramer, Leidse 
Geol Med. c0 7 0c CU9e hints IG an LOtuP Ty) ALLS Gigs. bees 
text-fig ..o27e10,5 lie 

1967: Veryhachium lairdi (Deflandre), Beju, Rev. Palaeobot. Palynol., 


B(ie4y. p45 Sls Il efig. 5: 


DESCRIPTION: Vesicle sub-square to rectangular, hoilow, with four long 


tapering processes situated at the corners; wall smooth. 


DIMENSIONS (in microns): 10 specimens. measured. 


Vesicle Vesicle Process Process 
Longest Side Shortest Side Length Basal Diameter 
Range: 18-20 13-15 34-40 2-3 


Mean: 19 14 38 3 
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ILLUSTRATED SPECIMEN: 
Sample SE/10-1/8600/1, Co-ordinate 122.6/61.2 


LOCALITY: This species occurs commonly in all the three wells. 


OCCURRENCE AND STRATIGRAPHIC RANGE: This species has been reported from 


a = ee 


various Ordovician, Silurian and Devonian sediments in various regions. 


VERYHACHIUM sp. cf. V. LAIRDI Deflandre 
Plate XIX, Figures 13, 14 


Plate XXI, Figure 13 


DESCRIPTION: Test sub-square to rectangular with four tapering pro- 
cesses situated at the corners: occasionally, a fifth process is present 
and is situated at the center of the test; the processes are short with 


blunt tips; wall is smooth or finely granular. 


DIMENSIONS (in microns): 20 specimens measured. 


Vesicle Process Process 
Longest Side — Lengtn Basal Diameter 
Range: 13-18 8-10 4.5-5.2 
Mean: 15 9 4.8 


ILLUSTRATED SPECIMENS: 

Pi. XIX, fig. 13, Sample UC/19-2A/8480/1, Co-ordinate 120.3/50.7 
ee ae Be fig. 14, Sample UC/19-2A/8480/2, Co-ordinate 122.2/43.2 
Pl. XXI, fig. 13, Sample A-1/14C/1, Co-ordinate 119.7/27.8 


LOCALITY: This species occurs commonly in all the three wells. 
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REMARKS: This species differs from V. lairdi Deflandre which was also 
observed from the Ghanaian sediments by its short and blunt tipped pro- 


cesses and granular ornamentation observed in some specimens. 


-VERYHACHIUM PASTORIS Deunff, 1966 
Plate XXI, Figures 14, 15 
Plate XXIII, Figure l 


1966: Veryhachium pastoris Deunff, Soc. Geol. France, Compte Rendu 1, 
pumac, Pl. tT, fig. 4 


DESCRIPTION: Vesicle polygonal, star-shaped, inflated; central area 


formed by fusion of broad bases of six processes; process tips blunt; 


wall granular. 


DIMENSIONS (in microns); 10 specimens measured. | 
‘adie Process 
Longest Side Length 
Range: 130-150 52-64 
Mean: 144 57 


ILLUSTRATED SPECIMEN: 

Pl. XXI, fig. 14, Sample UC/19-2A/8500/4, Co-ordinate L110.6/51.2 
Pl. XXI, fig. 15, Sample UC/19-2A/8950/4, Co-ordinate 123.4/54.6 
Pl. AXITL, figuel aSample UC/19-2A/8950/4, Co-ordinate 1222/5426. > 


LOCALITY: This species was observed from all the three wells, but are 


rare. 


OCCURRENCE AND STRATIGRAPHIC RANGE: Deunff (1966) recorded this species 
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from the Upper Devonian of Tunisia. 
REMARKS: The Ghanaian specimens of this species are similar to the 
Tunisian specimens in the star-like shape of the test. 
VERYHACHIUM RABIOSUM Cramer, 1964, restricted 
Plate XXIII, Figure 4 
1964: Veryhachium rabiosum Cramer, Leidse Geol. Med., 30, p. 299, 
CIR eo, PORNO UE. Vea Gcks trlae NE ge R1GS.)06 Gsekls VET, 
fig. 9. 


DISCUSSION: Cramer (op. cit.) diagnosed Veryhachium rabiosum Cramer 


as follows: 
"The species is rather variable in outline. 
The central body is made up by fusion of the 
very broad bases of the processes. nese pro- 
cesses may be simple, or bifurcate at the tips. 
They end in a rounded tip. In pure forms the 
central body is sub-square to octahedra!, dorso- 
ventrally compressed. Number of processes four 
to ten, usually four to six. The wall is simple, 
thick. In pure forms it shows a scabrate to rugu- 
-late structure in-a pattern that is rouahly para- 
Tiel to the direction of the processes. The very 
tips of the processes are psilate. In forms that 
are intermediate to B. molinum n. sp. the wall is 
less transparent and thicker, it lacks the scabrate 
or fugulate structure; the wall is psilate in pure 
forms of B. Molinum n. sp. ‘Dimensions up to 150 


microns, rarely more’. 


Lister (1970, p. 69) included V. rabiosum Cramer in Evittia 


remota (Deunff, 1955) Lister, together with various species of Very- 
hachium with branching processes and granular to ecninate sculpture. 
The diagnosis of Evittia Brito, 1967, as emended by Lister 
(1970, p. 66) is as follows: ‘ 
"Vesicle hollow, sub-spherical to polygonal, 
single-walled; vesicle wall may be smooth or sculp- 
tured; processes are heteromorphic, hollow, in- 
variably granular to echinate, communicating 
freely with the vesicle cavity. Excystment by 
cryptosure, apical or near equatorial." 


Thus, according to the emended diagnosis of the genus 


Ais, ee 


oy at re be f 

4 peargecize ors ede ond a 

ath igzon oer crear) MIZOHEAK var / 

| | ’ suo Sia, odat4 wa os 
b68 as Sa A on seb} tomer meeiden wit 


Pay ott AI A api 14 Jon, 8 GCI 


ee * “ - _—~ 


~~ 2 “ath: im 
a a 
“HONE ties veoidsy ius gloss esy ba zonns tb (. ito qo), NomBy9, : We 


Scie a eae ee gia we ie” Cee ae | ae ri re 5 gah ae <a 

lS. spel twe a? ohtiee noaser 3 saisent. Pr 
etd 2o nefeu? i aa ahem ct wbod ferred sAT | 

~xuy seerl .zsedeorer odd Fo eee Daard yy” aa. pk, 

.egti ent ts-oteowttd wo yelqmie od.Nen eee2so:, ihc i 

add vor? eiug nl ght babavey 6 nt yee a 

-ortob ,Tevbadetie nt essupe-due ef ybod Teves 

“nyt woaesoorg +9 red .bazzsyqnes yTTariney 

laos zt fim oAT .cte of wo? yi lbven>,87 oF / 

~wyuy of ssanisse 6 ayole Se emt sug nl, Augen :. i oe 

~pripd Widibdow 27 Jad} nretdeq 6 nt pdaiau get. i 

vray ont veseeponnd ole to motsoorih ons hi ott 

ieckhewwor al  vadeltey avs gokegcorg sed? Yo .2aqhs 


2? ‘Phew art sae. ot punt ot stethemimint os | 
oseidace oft efgah at nae Sn inevagensss gear 
onion seltaq at Pie gg jeriudouyte- ately 


EL oF Quy aoheants” age ott muntToMS8 Yo zur? vi, 
Soro lotsa Zenortit ~ 


] 


SEAN 1 § Wi vod gadis A babulont Ae °§ cOXRL) jedets 
~ nod ay setae 2ucitnv ati soltag6t cisdetd (aaer vst 
sunt nd2 otentiios ot: ietonare, “4 seasoore iittonerd dttw wt 
49327. ue bebnoms: 28 se ota ZF 


Evittia, acritarchs with simple, unbranched processes appear to fall 
outside the definition of the genus Evittia. 

In the Ghanaian Devonian sediments acritarchs with simple 
and branched processes, granular to echinate ornamentations very close- 
ly similar to V. rabiosum Cramer were observed; those with branched pro- 
cesses have been designated E. remota (Deunff) Lister, 1970 and those 
with unbranched processes have been designated V. rabiosum Cramer, 


restricted. 


DESCRIPTION: Vesicle tetrahedral shaped, formed by fusion of the broad 
bases of the processes; processes; processes simple; process tips blunt, 


rounded; surface of test granular to echinate. 


DIMENSIONS (in microns): 20 specimens measured. 
Total Diameter 
Range: 100-170 


Mean: 14 


ILLUSTRATED SPECIMEN: 


Sample UC/19-2A/8480/4, Co-ordinate 124.6/61.5 

LOCALITY: This species occurs commonly in all the three wells studied. 
Genus ESTIASTRA Eisenack, 1959 

Type species: Estiastra magna Eisenack, 1959 


DIAGNOSIS: Test star-shaped with wide cone-shaped appendices originat- 
ing from a common centre; no distinct central body which can be distin- 


guished from the appendices; but the central area may be formed by the 
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fusion of the broad bases of the cone-shaped appendices. 
ESTIASTRA sp. 
Plate XXIV, Figure 1 


DESCRIPTION: Test polygonal, inflated, formed by fusion of broad bases 
of four (observed) cone-shaped processes; process tips sharp and pointed; 


wall smooth. 


DIMENSION (in microns): 10 specimens measured. 


Vesicle : eine 
Longest Length aneear aelaace 
108 62 45 
Range: 100-114 58-54 40--50 
Mean: 1038 62 45 


ILLUSTRATED SPECIMEN: 
Sample UC/19-2A/8480/3, Co-ordinate 126.4/24,1 
LOCALITY: This species occurs sparingly in all the three wells. 


Genus STELLINIUM Jardine et al., 1972 


Type species: Veryhachium octoaster Staplin, 1961. 


DIAGNOSIS: Test hollow, polyderal, star-shaped in outline, with 3 to 

12 more or less long, separate, hollow appendages at the corners; appen- 
dages arranged more or less in two planes; each appendage of a triangular 
section is connected to three contiguous appendages, their junction 


formed by radial crests. 
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STELLINIUM OCTOASTER (Staplin) Jardiné et al., 1972 
Plate XXI, Figure 12 
Plate XXII, Figure 3 


1961: Veryhachium octoaster Staplin, Paleont.,4(3), p. 413, Pl. 49, 
figs. 3-4. 

1968: Veryhachium octoaster Staplin, Jardiné and Yapaudjian, Rev. 
Inst Fr. sPétrote, XXIV (4) pe 464; P12 04,-figs. 109/12. 

1969: Veryhachium octoaster Staplin, Lanzoni and Magloire, Inst. Fr. 
REURONGYKXIV (4) ,.ps 468 PI. VILI, figs. 6,7. 

1972: Stellinium cctoaster (Staplin) Jardiné et al., Compte Rendu, 1, 


ow acl steed ad 2, [Api weed gees 


DESCRIPTION: Test hollow, polyhedral, star-shaped in outline; central 
portion formed by a fusion of eight or less triangular shaped processes; 
processes in more or less two planes;..each process of a triangular. sec- 
tion is connected to three contiguous processes, their function formed 


by radial crests. 


DIMENSIONS (in microns): 10 specimens measured. 
Longest Side 
Range: 72-104 


Mean: 88 


ILLUSTRATED SPECIMENS: 
Pls XXI, fig. 12, Sample UC/19-2A/8480/3, Co-ordinate 120.3/44.5 
Pl. XXII, fig. 3, Sample UC/19-2A/8480/1, Co-ordinate 109.4/61.0 
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LOCALITY: This species occurs sparingly in all the three wells studied. 


OCCURRENCE AND STRATIGRAPHIC RANGE: This species was first described 
from the Upper Devonian (Frasnian) in Alberta, Canada (Staplin, 1961). 
The species has also been recorded from the Lower to Middle Devonian 
(Emsian-Frasnian) in the Sahara (Jardiné and Yapaudjian, 1968); Upper 
Devonian (Famenian) in the Sahara (Lanzoni and Magloire), and from Mid- 
dle Devonian in Algeria, and Devonian in Tunisia (Jardiné et al. 1972). 
The stratigraphic range of the species is probably Lower Devonian to 


Upper Devonian. 


REMARKS: The Ghanaian specimens of this species are essentially similar 


to other specimens recorded elsewhere. 


Subgroup PTEROMORPHITAE Downie, Evitt and Sarjeant, 1963 
Genus. PTEROSPERMOPSIS W. Wetzel, 1952 


Type species: Pterospermopsis danica Wetzel, 1952. 


DIAGNOSIS: Vesicie circular in outline, surrounded by a diaphanous 
membrane extended as a flange. This flange is not supported by rods or 
spokes, although short stiffening processes, radial thicknings or flut- 


ings are developed in some species. 


PTEROSPERMOPSIS sp. 1° 
Plate XXIV, Figure 4 


DESCRIPTION: Vesicle circular in outline, thick, surrounded by thin, 


transparent diaphanous membrane extended as a flange; this flange is 
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radially folded. 


DIMENSIONS (in microns): 10 specimens measured. 


Total Vesicle Fiange 

Diameter Diameter Radius 
BieuxXi\,, shig. «4 n25 47 39 
Range: 100-130 30-50 30-40 
Mean: 118 40 ce) 


ILLUSTRATED SPECIMEN: 
Sample UC/19-2A/8480/1, Co-ordinate L111.3/11.8. 


LOCALITY: This species occurs in all the three wells but is rare. 


Genus VILIFERITES Brito, 1967 


Type species: Viliferites tenuimarginatus Brito, 1967 


ee ee te ee 


DIAGNOSIS: Vesicle usually nearly square, smooth, with a short, oc- 
casionally bifurcate process at the corners; a smooth transparent mein- 
brane surrounds the vesicle in its equatorial plane; size of the cen- 
tral body about 25 microns to 30 microns; maximum width of the membrane 
about 7 microns at a point between the corner processes, which are 


apparently solid and measure about 5 microns in length. 


VILIFERITES TENUIMARGINATUS Brito, 1967 


Plate XXVI, Figures 1-11. 


1967: Viliferites tenuimarginatus Brito, Micropaleo,,13(4), p. 477, 
Pls 1, £195, 4-0 
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DESCRIPTION: 


29 


Vesicle nearly square or polygonal, smooth or ornamented 


with sort of granular or rugulate-like patterns; corners of vesicle ex~ 


tended to form bifurcate processes; a smooth transparent membrane sur- 


rounds the vesicle in its equatorial plane; a slit-like opening may 


Occur in some specimens. 


DIMENSIONS (in microns): 


Range: 


Mean: 


ILLUSTRATED SPECIMENS: 
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XXIV, fig. 


Pl. XXIV, fig. 


LOCALITY: 


. 1, Sample 


Sample 


Sample 


. 4, Sample 


Sample 
Sample 
> Sample 


Sample 


20 specimens measured. 


Total Diameter 
Including Outer 


Membrane 
46-52 


48 


A-1/14C/2, Co-ordinate 
A-1/14C/1, 
A-1/14C/1, Co-ordinate 
A-1/14C/2, Co-ordinate 
A-1/14C/1, Co-ordinate 


A-1/14C/1, Co-ordinate 


Co-ordinate 1 


Heo. 


1 dye 


4/38, 


yous 
5.0/43, 
eS 0 
» Af 3Bay 


4/39. 


Vesicle 
(Central Body) 
Diameter 
36-40 


38 


8 


UC/19-2A/8480/4, Co-ordinate 121.8/47.6 


UC/19-2A/8480/1, Co-ordinate 113.9/45.7 


Sample UC/19-2A/8480/2, Co-ordinate 114.0/19.4 


10, Sample UC/19-2A/8480/2, Co-ordinate 116.2/56.0 


11, Sample UC/19-2A/8480/2, Co-ordinate 120.0/29.2 


This species was found in all the three wells, but occurs 


commonly in the Atiavi-1 well in Sample 14C at about 3,239 feet. 
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OCCURRENCE AND STRATIGRAPHIC RANGE: This species was described from Palyno- 


rt a 


logical Zone R (Lower Devonian?) in the Maranhao Basin, Brazil (Brito, 


1967). 


REMARKS: The Ghanaian specimens of this species are essentially similar 
to the Brazilian specimens, however, the vesicles of some of the Ghanaian 
Specimens are distinctly ornamented with granular or rugulate-like pat- 
terns. Besides, some of the specimens have slit-like opening across 

the vesicles. The overall diameter of the Ghanaian specimens is 40-52 
microns and the diameter of the vesicle (central body) is 36-40 microns. 


This compares with 25-30 microns for the diameter of the central body 


recorded for the Brazilian specimens by Parito (op. cit.) 


Subgroup HERKOMORPHITAE Downie, Evitt and Sarjeant, 1963 _ 
Genus CYMATFIOSPHAERA 0.: Wetzel, 1933, emend. Deflandre, 1954 


Type species: Cymatiosphaera radiata 0. Wetzel, 1933 


DIAGNOSIS: Shell of organic material, often brown, globular (Spherical 
or elliptical) whose external surface is divided into polygonal fields 
by membranes perpendicular to the surface. Points of junction of mem- 
brane (angles or polygons) usually thickened, and giving in lateral 

view the impression of smal] sticks or columns. No points or spines. 
Margins of the membrane often distinct and parallel to the shell sur- 
face, sometimes a little concave to torn or corroded. Shell surface 
smooth or punctate or supplied with granules. Size from a few to several 


dozen microns. Sometimes 100 microns, crest included. 
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?CYMATIOSPHAERA spp. 
Piate ake re rgures 11512 


REMARKS: These specimens occur commonly in the marine sections of the 
various wells studied. The specimens are characterized by spheroidal 
vesicies which are divided, either fulTy or partially into polygonal and 
Sub-polygonal areas. The diameter of these specimens varies from 60-80 


microns. 


ILLUSTRATED SPECIMENS: 
Pl. XX, fig. 11, Sample UC/19-2A/8480/3, Co-ordinate 115.4/59.3 
PYCUN Rig 12. Sample SE/10-1/8650/3, Co-ordinate 118.4/33.4 


Subgroup NETROMORPHITAE Downie, Evitt and Sarjeant, 1953 
Genus LEIOFUSA Eisenack, 1938 


Type species: Oyun hispidum fusiformis Eisenack, 1934 
DIAGNOSIS: Test oval, elongate to fusiform with smootn, striate, granu- 
late or psilate walls; ‘generally smaller than 500 microns. 

LEIOFUSA FASTIDIONA Cramer, 1964 


Plate XXIV, Figure 2 


1964: Leiofusa fastidiona Cramer, Leidse Geol. Med., 30, p. 324, 
Plo vee ge OS Pla rAth ooo. Lexe-T1d. 33-9, 


DESCRIPTION: Vesicle, hollow, elongated fusiform with blunt ends; wall 


granular to echinate. 
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DIMENSIONS (in microns): 20 specimens measured. 


Total Maximum 

Length Diameter 
Range: 78-125 8.3-14.6 
Mean: 100 2.0 


ILLUSTRATED SPECIMEN: 
Sample A-1/14C/3, Co-ordinate 125.6/32.8 


LOCALITY: This species was found from the Atiavi-1 well at about 3,239 


feet. It was not observed from the other wells. 


OCCURRENCE AND STRATIGRAPHIC RANGE: This species was described from the 


La Vid Shale (Middle Siegenian to Emsian), NW Spain (Cramer, 1964). 


REMARKS: Cramer (op. cit.) indicated that the wall of the Spanish speci- 
mens of this species is psilate at 1200X magnification except for a 
greater pater of small echinae (smaller than one micron) that are ir- 
regularly distributed over the body, and that the echinae occur in a 
relatively greater number at tne poles. In the Ghanaian specimens, 
however, the wall is uniformly ornamented with coarse granules to echin- 
ate which are quite apparent under magnification lower than 1000X. The 
total length of the Spanish specimens is about 70 microns compared with 


78-125 microns recorded for the Ghanaian specimens. 


LEIOFUSA sp. 1 
Plate XXIV, Figure 3 


DESCRIPTIFON: Vesicle hollow elongate, fusiform with the central portion 
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Sub-ovoid to sub-cylindrical, and rapidly tapering to thin spine-like 


processes at the poles; wall smooth, 


DIMENSIONS (in microns): One specimen measured. 


Total Maximum 
Length Diameter 
186 46.5 


ILLUSTRATED SPECIMEN: 
Sample UC/19-2A/9010/4, Co-ordinate 124.8/49.0 


LOCALITY: This species occurs in all three wells but is rare. 
?LEIOFUSA sp. 2 
Plate XXIV, Figure 8 


DESCRIPTION:. Test hollow, sub-cylindrical, bifurcating at opposite 


ends; wall thin, translucent, granular; tips sharply pointed, closed. 


DIMENSIONS (in microns): One specimen measured. 


Total Maximum Process 


Length Diameter Length 
Beant, Fig. 3 226 Ze oc 


ILLUSTRATED SPECIMEN: 
Sample SE/10-1/8450/3, Co-ordinate 121.0/21.0 | 


LOCALITY: This species was observed only from the SE/10-1 well between 


8,400-9,050 feet depth. It is very rare. 
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Genus NAVIFUSA Combaz, Lange and Pansart, 1967 


Type species: Leiofusa navis (Eisenack, 1938) 


DIAGNOSIS: Test in the shape of a more or less elongate ellipsoid, or 
of a rod with rounded extremities, without appendages; membrane simple, 


smooth or ornamented. 


NAVIFUSA BRASILIENSIS (Brito and Santos, 1965) Combaz et al. 1967 
Plate XXVII, Figures 1-3 


1965: Leicfusa braziliensis Brito and Santos, Notas Prelim. Estud., 
Delaenh la. lo. 

1967: Leiofusa brasiliensis Brito and Santos, Brito, Micropaleo., 13(4), 
De ego E ketats tl ans 

1967: Navifusa brasiliensis (Brito and Santos) Combaz, Lange and 
Pansart, Rev. Paleobot. Palynol., 1(1-4), p. 295, Fig. 1. 

1967: Navifusa cf. N. brasiliensis (Brito and Santos) Combaz, Lange’ 

and Pansart, Lange, Bol. Paranaense Geociéncias, 21/22, p. 85, 


Pl. 5, fig. 52. 


DESCRIPTION: Test elongate with rounded extremities; ratio of length 


to width about 2.3 to 5.2; wall smooth or granular. 


DIMENSIONS (in microns): 20 specimens measured. 


Total Maximum Length 

Length Width Widtn 
Range: 152-209 41-66 2. 5= O52 
Mean: 182 47 Ser 


ILLUSTRATED SPECIMENS: | 
Pl. XXVII, fig. 1, Sample UC/19-2A/8480/4, Co-ordinate 112.4/61.2 
Pl. XXVII, fig. 2, Sample UC/19-2A/8480/3, Co-ordinate 120.2/37.4 
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Pl. XXVII, fig. 3, Sample UC/19-2A/8480/3, Co-ordinate 114.8/57.4 
LOCALITY: This species occurs commonly in all the three wells studied. 


OCCURRENCE AND STRATIGRAPHIC RANGE: This species was first described 
from the Devonian of the Maranhdo Basin, Brazil, by Brito and Santos. 
Lange (1967) has observed the species restricted to Middle and upper 


Devonian sediments in the Parana Basins, Brazil. 


REMARKS: The Ghanaian specimens of this species are closely similar to 


the Brazilian specimens. 


NAVIFUSA EISENACKI (Brito and Santos, 1965), Combaz et ai., 1967 


Plate XXVII, Figures 4, 5, 7 


1967: Navifusa eisenacki (Brito and Santos), Combaz, Lange and Pansart, 
Rev. Palaeobot.. Palynol.,1(1-4), p..295, Fig. 1 
1967: Navifusa cf. N. eisenacki (Brito and Santos, 1965), Lange, Bol. 


Paranaeuse Geociéncias, 21/22, p. 86, Pl. 5, fig. 53 


REMARKS: This species is closely similar to N. brasiliensis but has 
larger length/width ratio--from about 6.6 to 14.0 for 20 specimens mea- 
sured. This compares with 5.5 to 15 length/width ratio recorded for 


the Brazilian specimens by Brito and Santos (in Lange, 1967, p. 86). 


DIMENSIONS (in microns): 20 specimens measured. 


Total Maximum Length 
Length Width Width 
Range: 209-305 20-31 6.6-14.0 


Mean: 242 24 9.2 
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ILLUSTRATED SPECIMENS: 
Pl. XXVII, fig. 4, Sample UC/19-2A/8480/1, Co-ordinate 109.6/54.0 
Pl. XXVIT, fig. 5, Sample UC/19-2A/8480/4, Co-ordinate 110.0/28.9 


Subgroup SCUTELLOMORPHITAE Brito, 1966 
Genus MARANHITES Brito, 1965, emend. Daemon, Quadros and da Silva, 1967 


Type species: Maranhites brasiliensis Brito, 1965. 


EMENDED DIAGNOSIS: Flattened grains circular, originally oblate; forms 
generally biplane--symmetrical and asymmetrical; size ranging from ap- 
proximately 50 microns to about 200 microns; some specimens have a ring- 
Shaped thickening in their center. 

On the periphery the grains show a concave indenture with 
thickened borders of the tegument, which can vary from a continuous cre- 
-nulation to the formation of dark.and dense isolated zones of various 
sizes, and of circular to semi-circular shape when observed from above; 
sometimes one of these elements may present a considerably greater de- 
velopment than that of the others; in many specimens these denser zones 
appear as a cluster of fused smaller zones. 

Transparent bladders can be noted embedded in these dense 
zones, at times advancing beyond the surface of the individual speci- 
man. In some forms, when examined in profile, the bladder appears as 
a small elevation due to the flattening of the specimen. 

The bladders can vary from vestigial to isolated thick, 


transparent bladders; their number can range from two to approximately 
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forty; these morphological differences result in an enormous variety 
in the genus; some bladders, when examined under immersion, suggest a 


Slight reticulation. 


MARANHITES BRASILIENSIS (Brito, 1965) 


Form A Daemon et al., 1967 


Plate XXVIII, Figure 2 


ig65; Maranhites brasiliensis Brito, Univ, BA. Esc. Geol. 2(2), Pl. 1, 
eee Pa 

1967: Maranhites brasiliensis Brito, Micropaleo., 13(4), p. 481, Pl. 2, 
Gee Dt. 


1967: Maranhites brasiliensis Form A, Daemon et al., Bol. Paranaense 


Geociencias, 21/223-p. e120. Pl. 4, FormcA: 
DESCRIPTION: Grain flattened, circular; edge crenulated. 


DIMENSIONS (in microns): 20 specimens measured. 


Diameter 
Range: 80-135 
Mean: 108 


ILLUSTRATED SPECIMENS: 
Sample SE/10-1/8700/1, Co-ordinate 120.6/30.4 


LOCALITY: This form of the species occurs commonly in all the three wells 
studied. 
OCCURRENCE AND STRATIGRAPHIC RANGE: This form of the species occurs com- 


monly in Middle to Upper Devonian sediments in Brazil. 


REMARKS: The Ghanaian specimens of this form are closely similar to the 


Brazilian specimens. 
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MARANHITES BRASILIENSIS (Brito, 1965) 
Form P Daemon et al., 1967 


Plate XXVIII, Figure 3 


1966: Tapajonites mosesii (Sommer), Sommer and van Boekel, Moreau- 
Benoit, Rev. Micronaleo., 8(4) . p.. 226, PL. 3 efias4sb/-583 

1967: Maranhites mosesii (Sommer), Brito, Micropaléo., 13(4), p. 481, 
Bele erga a epee A 


1967: Form P (Maranhites [ex Tapajonites }mosesii) Daemon et al., Bol. 


Paranaense Geociéncias, 21/22,.p. 12, Pl. 4, Form P 
1969: Tapajonites mosesii (Sommer) Sommer and van Boekel, Lanzoni and 


Maglotre, SInsty’ Frm Petrolia, XXIV 4) 2468 PIkevIT Sfig.) 1h 


DESCRIPTION: Grain flattened, circular; edge ornamented by a few (usually 
three isolated, semicircular shaped "processes" with a similar circular 


Shaped "process" in the central portion of the grain. 


DIMENSIONS (in microns): 10 specimens measured. 


Diameter: 
Range: 75-120 
Mean: 95 


ILLUSTRATED SPECIMEN: 
Sample UC/19-2A/8480/2, Co-ordinate 124.3/112.4 


LOCALITY: This form of the species occurs in all the three wells but is 


rare. 


OCCURRENCE AND STRATIGRARHIC RANGE: This form has been reported from 


Devonian sediments in’ various sedimentary basins in Brazil. In the 
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Maranhao Basin, Brito (1967) recorded it from palynological zones 

Middle Devonian to Upper Devonian. In the Amazon Basin, the form has 

been recorded from the Barreirinha Member (lowest member of the Curua For- 
mation) Upper Devonian (Frasnian) and in the Parana Basin, the species 
also appears to be restricted to the Upper Devonian (Frasnian) according 
to Daemon et al. (1967). Moreao-Benott (1966) recorded the form from 

the Upper Devonian to Lower Carboniferous in the Sahara, and Lanzoni 

and Magloire (1969) have reported it restricted to the Upper Devonian- 


lower Carboniferous sediments in the Sahara. 


REMARKS: The Ghanaian specimens of this form of the species are closely 


Similar to other specimens recorded elsewhere. 


Subgroup uncertain 


Genus TRIANGULINA Cramer, 1964 


Type species: Triangulina alargada Cramer, 1964 


DIAGNOSIS: Acritarchs with a triangular somewhat inflated inner body, 
Surrounded by an outer body of approximately the same shape, but with 


hollow processes at the corners. 


TRIANGULINA ALARGADA Cramer, 1964 
Plate XXV, Figures 5, 6 


1964: Triangulina alargada Cramer, Leidse Geol. Med., 30, p. 334, Pl. VI, 
figs. 1, 4; Text-fig. 39. 

1967: Triangulina alargada Cramer, 1964, Brito, Micropaléo., 13(4), 
Ds 473, Pl... 15 fags... 8,9; 
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1971: Triangulina cf. T. alargada Cramer, 1964, Legault, Unpub. Ph.D. 
AMESIS's (Pe icds Ween tT ta. tle. 


DIMENSIONS (in microns): 5 specimens measured. 


Outer Body Inner Body 
Longest Side Longest Side 
(Including Processes) (Excluding Processes) 
rz 88 


ILLUSTRATED SPECIMENS: 
Pl. XXV, Fig. 53 Sample A-1/14C/1, Co-ordinate 117.9/43.4 
Pl. XXV, Fig. 6, Sample UC/19-2A/8480/3, Co-ordinate 117.2/58.2 


LOCALITY: This species occurs sparingly in all the three wells studied. 


OCCURRENCE AND STRATIGRAPHIC RANGE: This species was first described 
from the Lower Devonian (Emsian) of NW Spain (Cramer, 1964). The species 
has..also been. observed from the: Lower. Devonian of Brazil (Brito, .196Z): 
and the Middle Devonian Hamilton Group in southern Ontario (Legauit, 


Posi). 


REMARKS: The inner bodies of all the specimens of this species observed 
from Ghana are moderately transparent. Cramer (op. cit.) however indi- 
cated that the inner bodies of some of the Spanish specimens were not 

transparent. The general shape of the vesicle of the Ghanaian specimens 


are closely similar to other specimens of the species recorded elsewhere. 
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Genus TUNISPHAERIDIUM Deunff and Evitt, 1968 


Type species: Tunisphaeridium concentricum Deunff and Evitt, 1968 


DIAGNOSIS: Acritarchs with an overall spherical to ellipsoidal or 


pyriform outline composed of a central sphaeroidal vesicle bearing numer- 


ous rodlike, apparently solid, processes whose extremities are inter- 
connected by a diaphanous membrane alone, by a membrane reinforced with 


a network of faint to conspicuous filaments. No pylome observed. 


TUNISPHAERIDIUM CONCENTRICUM Deunff and Evitt, 1968 
Plate XXV, Figure 2 


1968: Tunisphaeridium concentricum Deunff and Evitt, Stanford Univ. 
Puts Goa maeSo hee XLL(2) sop. O40 PRS: fds 1-12, 
_.1971:. Tunisphaeridium concentricum Deunff and Evitt, 1968, Legault, 


Unpubl. PhD. Thesis, pp. t9cs Pir AVI, figs. 2-7. 


- DESGRIPTION: Vesicle spherical;.processes solid, rodlike, numerous, es- 
sentially .equal ‘lengths, expanded at their tips wnich are interconnected 


by a network of filaments or thin membrane; no pylome observed. 


DIMENSIONS (in microns): 10 specimens measured. 


Total Vesicle No. of Process 
Diameter Diameter Processes Length 
Range: 80-100 35-43 eh 30-36 


Mean: 88 38 32 
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TLLUSTRATED SPECIMEN: 
PI. XXV, Fig. 2, Sample SE/10-1/8450/4,. Co-ordinate 116.2/39.0 


LOCALITY: This species was. observed in all the three wells studied. 


OCCURRENCE AND STRATIGRAPHIC RANGE: This species was first described 
from Middle Silurian sediments in New York, North America by Deunff and 
Evitt (op. cit.). The species has also been recorded from the Middle 
Devonian Hamilton Group in southern Ontario, Canada (Legault, Unpub]. 


PRG. Thesis) 


REMARKS: The Ghanaian specimens of this species are generally similar to 
the North American specimens, however, the number of processes observed 


are cenerally fewer and the fiiaments mucn finer. 


TUNISPHAERIDIUM CAUDATUM Deunff and Evitt, 1968 
Plate XXIV, Figures 6, 7 
Plate XXV, Figure ] 


1968: Tunisphaeridium caudatum Deunff and Evitt, Stanford Univ. Publ. 
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DESCRIPTION: Vesicle spherical to ellipsoidal, processes solid, rodlike, 
numerous with uniform lengths; a single or a small group of neighbouring 
processes being conspicuously longer than most of the rest of the pro- 
cesses; these latter processes are of uniform length but occasionally 

a few transitional forms pace the longest processes(es) distinctly 


differ from the rest by having a whiplike termination which are also 


associated with fine radiating filaments; no pylome observed. 
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DIMENSIONS (in microns): 10 specimens measured. 


Total Vesicle No. of "Short" Process "Long" Process 

Diameter Diameter Processes Length Length 
Range: 100-140 30-50 >20 15-25 30-40 
Mean: 130 42 18 36 


ILLUSTRATED SPECIMENS: 


Pl. XXIV, fig. 6, Sample UC/19-2A/8480/1, Co-ordinate 121.0/57.3 
Pl. XXIV, fig. 7, Sample UC/19-2A/8480/1, Co-ordinate 127.1/60.0 
Pl. XXV, fig. 1, Sample SE/10-1/8600/3, Co-ordinate 118.7/31.4 


LOCALITY: This species was observed from all the three wells studied. 


OCCURRENCE AND STRATIGRAPHIC RANGE: This species was first reported from 


the Middle Silurian of New York and Lower Devonian (Gedinnian) of Tunisia 


(Deunff and Evitt, 1968). 


REMARKS: The Ghanaian specimens of this species are essentially similar 


to the North American and North African specimens. 


Genus UMBELLASPHAERIDIUM Jardiné et al., 1972 


Type species: Umbellasphaeridium saharicum Jardiné et al., 1972 


DIAGNOSIS: Central body spherical or sub-spherical with a simple struc- 
tureless wall more or less thickened and rigid; processes cylindricai at 
the base, flared terminally into a funnel shape. Diameter of central 


body 25 to 50 microns; length of processes 6 to 50 microns. 
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UMBELLASPHAERIDIUM SAHARICUM Jardiné et al., 1972 
Plate XXV, Fiaure 3 


1972: Umbellasphaeridium saharicum Jardiné et al., Compte Rendu, 1, 


peOsf PUSIOMSigs? PPSe IP LMS Srigy 1. 


DESCRIPTION: Vesicle spherical with five cylindrical processes, flared 


at the extremities; wall smooth. 


DIMENSIONS (in microns): 2 specimens measured. 


Vesicle Process Process Diameter Process Diameter 
Diameter Length at Base (terminal portion) 
Range: 37-41 24-35 3.8-4.2 20-24 
Mean: 39 30 4.0 22 


ILLUSTRATED SPECIMEN: 
PI. XXV, Fig. 3, Sample SE/10-1/7900/2, Co-ordinate 116.7/42.2 


LOCALITY: This species is very rare; only two specimens were observed 


from the Siqnal Exploration and Development Company 10-1 well. 


OCCURRENCE AND STRATIGRAPHIC RANGE: This species has been reported from 
Upper Devonian of the Sahara and Middle Devonian of Brazil (Jardiné et al., 


107.25 Pp... s0 uke 


UMBELLASPHAERIDIUM sp. cf. U. SAHARICUM Jardiné eu ala @ 1972 
Plate XX, Figures 4, 7 


REMARKS: These specimens are essentially similar to U. saharicum in 


the flared extremities of the processes. The processes of U. sp. cf. 


saharicum are more numerous (ten), as compared to five processes observed 


suadhy <subeabbens reotabea ten si ttiw ceotredaei 
aay ia ee Nt + soe Hie 
7 ey bigs : 
aberwaner anomtssqe S ‘ecoiat mm) 2 
“etomeTd = zeaaorrl yiorenieth 2299079 . sent stole | 
(nereion heovtaws), aceu a6 ts ftpnas . ee 
| 5 aa cs aes Sao ee + ina esse banat BAY: 
Mae Se bed. Jc ‘ BPS ONG 
a: ee | Oh | Medeie 
ry 4 iy ‘ ae Ms, a “ Dot) ez << a coin 
13M 34 12G3 TA 
SSP RL otisntbve-g) a0 |. \p00N\t -ba\e slanne ees a " 
4 ai ye ) a 
baviende svete ‘nant nid: ‘e¥ao aes ay at dy cone iat a 1 
— mad ail 


cont ‘Batra ina bbe ‘garage ta SeWAN eH AD ETABTE 
Ja t Snibieh) iyetd 0° nbinowst atthitt bine wisnse aa 70 F 


AN 


sae at tas yi. bom Be 


Oeste bor hore i cae ne 


-* zener xe ‘stat ssdgitic ea 
Ler ereen ag ru a“ 


‘i aided ah ‘od cnt ettediene evs znantoeg2 a2ehT 
19. 02 WY Yo zezessowq’sHtt .zs2es20"q ond) yrs i 


7 ? 


in Us Saharicum. “Besides, the processes of U. sp. cf. U. saharicum 


are more elongated with smaller flared extremities as compared with those 


of U. saharicum. 


DIMENSIONS (in microns): 4 specimens measured. 


Vesicle Process Process Process Diameter 
Diameter Length Diameter Terminal Portion 
Range: 40-45 36-43 3.0-3.38 10-15 
Mean: 43 38 SPGe) 12 


ILLUSTRATED SPECIMENS: 
Pl. XX, fig. 4, Sample SE/10-1/8400, Co-ordinate 121.3/33.2 
Pl. XX, fig. 7, Sample UC/19-2A/8150/2, Co-ordinate 114.0/33.4 


LOCALITY: This species occurs in SE/10-1 and UC/19-2A wells but is rare. 
FORMA &G 
Plate XXVI, Figures 12-15 


. DESCRIPTION: Test rounded, bow! shaped with a ring-like structure on 
one pole and a large aperture or opening on the opposite pole; wall thin, 


appears single layered; surface smooth. 


DIMENSIONS (in microns): 10 specimens measured. 


fotaterr "Ring" "Aperture" 

Diameter Diameter Diameter 
Pl. AXVI,. Fig. 4: 47 28 4] 
Range: 45-54 26-33 41-45 


Mean: a 47 aoa 43 
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ILLUSTRATED SPECIMENS: 

Pl. XXVI, fig. 12, Sample A-1/14C/1, Co-ordinate 125.0/35.9 
Pl. XXVI, fig. 13, Sample A-1/14C/2, Co-ordinate 117.5/45.7 
Pl. XXVI, fig. 14, Sample A-1/14C/2, Co-ordinate 109.5/37.9 
Pi. XXVI, fig. 15, Sample A-1/14C/1, Co-ordinate 116.7/28.0 


LOCALITY: This form was observed only from Atiavi-1 well at about 
3,239 feet depth. 
FORMA H 
Plate XXV, Figure 4 


DESCRIPTION: Test hollow, inflated rectangular; wall thin, translucent, 


smooth; no opening observed. 


DIMENSIONS (in microns): 3 specimens measured. 


Longest — Shortest 

Side Side 
Range: AQ-45 24-26 
Mean: | 42 25 


ILLUSTRATED SPECIMEN: 
Sample SE/10-1/8650/4, Co-ordinate 110.5/42.0 


LOCALITY: This form was recovered only from the SE/i0-1 well. It 


is very rare. 
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APPENDIX 


LITHOLOGIC DESCRIPTION OF CUTTING SAMPLES 


Signal Exploration and Development Company/Ghana 10-1 Well 


Depth in Feet 
6,010 - 6,040: 


6,040 - 6,080: 


6,080.6, 140%: 


6,140 - 6,165: 


6,165 - 6,410: 


6,410 - 6,600: 


Lithologic Descriptions 


Reddish brown shale, occasional dark grey 


Shale and coarse grained sandstone. 


Reddish brown shale and dark grey shale 
with increased proportion of coarse grained 


sandstone. 


Reddish. brown shale, sandy; some basic 
igneous rock cuttings, probably from a thin 


dyke. 


Reddish brown, very coarse grained sandstone, 
grains well rounded mostly quartz, sorting 
very poor, cement argitlaceous; basic 


igneous rock cuttings. 


Reddish brown, fine grained sandstone and 


reddish brown silty shale. 


Reddish brown silty shale with occasional 
dark grey shale, greenish shale, and fine 


grained argillaceous sandstone. 


ree 


me ‘i a : 
indie has Mane Seis 
: peed ai gh or 
21 sean nee or 
if si 5-05 BSD ALi 
aR ink peenaneny ea sucht i 
pede -anodabnag daptare aagag9 a 
alsde Yeap Abb daa etsile pes | 
_ bani serg92/20 sa ik id pogaerat tin, 
sige a ie he ne 
snes Soorery S260 ‘ergy sword tation | 
_ghitrea ‘Sdy6up yi feom babrivor Tew antes 
alten iayenan lf ips. Joamen Moog. Sy 
cecawrs 190% _— i 
hc ee ae ee tae 


| tat vite re men 


fainobasaop iti stile yalie mwornd. de tb 


ent? bas .ofede fetneorg <ofsde yore deb 


_stasine stat ip bate 


7 : ca a. 2 vs 
4 eS ieee 


ob i 7 Mg 7 
:01K,3 = Cota 7 
w + 

a wee ; 
} | aa 7 me > 
ee! 2G a 

i rhe } - , 
00% Ola 
- : on 

; C3 i 


Depth in Feet 


6,600 - 


6,790 - 


6,800 - 


6,960 - 


yeis0= 


7,140 - 


7,150 + 


7,170 - 


7,200 - 


7,240 - 


6,790: 


6,800: 


6,920: 


6,960: 


751703 
7,200: 


757240: 


7,260: 


Lithologic Description 
Reddish brown very coarse grained sandstone, 
weakly calcareous, poorly sorted, occasional dark 


grey shale and greenshale. 


Greyish, coarse grained sandstone, calcareous, with 


greyish white chert. 


Creamy white fine grained sandstone with chert frag- 


ments and occasional carbonate pieces. 


Creamy white coarse grained sandstone and reddish 


brown silty shale. 


Reddish brown silty shale, weakly calcareous, and 


occasional coarse grained sandstone. 
Greyish wnite cnert. 


Reddish brown fine grained sandstone and silty shale 


with coarse grained sandstone and chert fragments. 
Limestone, microgranular, creamy white. 
Dolomite, microgranular, creamy white. 


Pinkish brown argillaceous sandstone, medium grained, 


poorly sorted with reddish brown shale and chocolate 


brown shales. 


Dolomite, microgranular, creamy white. 
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Depth in Feet Lithologic Description 
B20) = #310: Reddish brown, argiilaceous sandstone. 
Ro) = 71,350: Greyish white sandstone, medium grained, calcareous. 


7,350 - 7,390: Reddish brown sandy shale. 


7,390 ~- 7,510: Greyish white, sandstone, medium grained, weakly 
calcareous. 
7,510 - 7,550 Reddish brown shaly sandstone. 


7,550 - 7,590: Dark grey shale. 
7,590 - 7,610: Dark grey shale, carbonaceous. 


7,610" 7,810: Dark grey shale, shaly sandstone, and silty shale, 


occasionally reddish brown. 


7,810 - 7,880: Dark grey sandy shale and siltstone, occasionally 


medium grained porous sandstone with oil stains. 


7,880 ~ 7,910: Dark grey shale and siltstone. 


7,010 = 7,940: Greyish white sandstone, medium grained, porous, 071 
stained. 
7,910 - 7,900: Dark grey shale, sandy shale and siltstone; occasionally 


high proportion of red brown shale. 


7,900 - 8,010: Black shale, finely laminated. 
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Depth in Feet Lithologic Description 
8,010 - 8,090: Dark grey shaly sandstone. 

8,090 - 8,110: Dark grey sandy shale and siltstone. 
8,110 - 8,140: Greyish black shale, laminated. 


8,140 - 8,170: Greyish silty shale grading into fine to medium 
grained sandy shale. 


8,170 - 8,190: Greyish fine to medium grained sandstone, calcareous. 


6.190 - 3,210: Greyish sandy shale and siltstone. 


Oec10 = 96,320: Dark grey shale, finely laminated. 

8,320 - 8,340: Dark grey sandy shale, reddish brown sandy shale and 
siltstone. 

8,340 - 8,580: Dark grey to black shale, finely laminated, occasionally 
silty. | 


8,580 - 8,410: Dark grey silty shale. 
8,410 - 8,670: Dark grey to black shale, finely laminated. 


8,670 - 8,790: Dark grey to red brown sandy shale, non-laminated, 
occasionally coarse grained, poorly sorted sandstone, 


pinkish and grey mottling. 
8,790 - 8,820: Dark grey to black shale. 


8,820 - 8,930: Dark grey sandy shale, occasionally silty. 
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Depth in Feet Lithologic Descriptions 
8,930 - 9,050 Greyish pink and pinkish brown mottled coarse grained 


sandstone with occasional dark grey shale. 

Note: The total depth of this well is supposed to 

9,/29 feet but the lower 675 feet thickness of the 
Samples were not received from the company which drilled 


the well (Ghana Geol. Surv., personal communication). 
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Union Carbide/Ghana 19~2A Well 


Depth in Feet Lithologic Descriptions 
6,640 ~- 6,950: Pinkish brown, coarse grained, poorly sorted sand- 


stone, calcareous, grains well rounded, occasional 
greyish shale and reddish brown shale, and crypto- 


crystalline greyish white chert. 


6,950 - 6,970: Reddish grey and chocolate brown inicaceous sandy 
Shale. 

6,970 - 7,010: Microcrystalline limestone, greyish white. 

50.0. 7,050: Greyish white sandstone, very coarse grained, grains 


well rounded but poorly sorted, calcareous. 


Fo SES a6 Bae meal 210 Red sandstone, fine to coarse grained, poorly sorted,. 
calcareous. 
7,080 - 7,130: Microcrystalline limestone, greyish white. 
J 130° = 7,260: Red sandy shale and siltstone, micaceous. 
15600) ="-7:,280: Greyish sandstone, coarse to medium grained, calcareous. 


1 32007""7 93/0: Very high proportion of basic igneous rock (dyke?), 


intermixed with greyish sandstone. 
7,310 - 7,480: Greyish sandstone, fine to medium grained, calcareous. 


15450. =~ 17.5302 Chocolate brown sandy shale. 
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Depth in Feet 


7990 


7,945 


5000 


7,660 


7,690 


0770 


7,820 


7,890 


A910 


980 


7,950 


7,960 


8,050 
8,160 


4,049: 


75590: 


7,060; 


1,090: 


Fai (0: 


L voc. 


7,090: 


E910: 


PASE hie 


74.950: 


2.9603 


8,050: 


8,160: 
8,200: 
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Reddish coarse grained sandstone, grains well rounded, 


poorly sorted, weakly calcareous. 
Chocolate brown sandy shale. 


Chocolate brown fine grained shaly sandstone and silt- 


stone. 


Chocolate brown fine grained sandstone, occasionally 


interbedded with sandy shale, micaceous. 


Chocolate brown sandy shale and siltstone, occasional- 


ly micacecus. 


Greyish sandstone, fine to medium grained, poorly 


sorted, weakly calcareous. 

Chocolate brown shale. 

Chocolate brown shale. 

Chocolate brown shaly sandstone. 

Chocolate brown shale to dark grey shale, carbonaceous. 
Greyish brown sandstone, medium grained, oi] stained. 
Chocolate brown shale and dark grey shale. 


Dark grey silty shale, micaceous. 


Chocolate brown shale and dark grey shale. 
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Depth--in-Feet Lithologic Descriptions 

8,200 - 8,210: Greyish white chert and carbonate fragments. 

5210 = 8,250: Chocolate Reh silty shale and dark grey shale. 
Be250 = 8,310: Chocolate brown silty shale, micaceous, occasionally 


greyish shale fragments. 


65310 = 8,550: Dark grey to chocolate brown shale, laminated, occa- 


sionally sandy or silty. 


Gen00 = 8.5/0: Greyish sandy shale. 


8,570 - 8,700: Chocolate brown and dark grey siltstones and shaly 
sandstone. 
8,700 - 8,770: Greyish white sandstone, coarse grained, very cal-~ 


careous, poorly sorted, oi] stained. 


8,7/0 =- 8,850: Chocolate brown and dark grey silty shale, occasionally 


micaceous. 
8,770 - 8,880: Missing interval. 
8,880 - 8,920: Dark grey sandy shale. 


8,920 - 8,940: Greyish white sandstone, medium to coarse grained, 


weakly calcareous. 
8,940 - 8,960: Dark grey and chocolate brown sandy shale. 


8,960 - 9,010: Dark grey and chocolate brown shale. 
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‘Ghana Geological Survey A-1 Well 


Depth in Meters 
3,080 - 3,100: 
532100 = 3,110: 
oyt00 = 3,170: 
3,870 - 3,910: 
3,910 - 3,940: 
3,940 - 3,950 
3,950 - 3,990 
3,990 - 4,020 
4,020 - 4,060: 
4,060 - 4,140: 


Lithologic Description 
Reddish brown shale, greyish white carbonate fragments. 


Chocolate brown sandstone, coarse to fine grained, 


poorly sorted. 


Chocolate brown and dark grey silty shale, siltstone, 
sandy shale, usually interbedded, micaceous, occasional 


thin sandstone. 


Yellowish grey sandstone, medium to fine-grained with 
occasional interbeddings of chocolate brown and dark 


grey silty shale. 


Reddish brown and chocolate brown sandy shale: and siit- 


stone. 


Greyish brown and creamy white sandstone, micaceous, 


poorly sorted. 
Chocolate brown and dark grey silty shale, micaceous. 


Reddish brown and creamy white sandstone with argil- 


laceous cement, grains poorly sorted. 
Chocolate brown and dark grey silty shale, micaceous. 


Creamy grey sandstone, with argillaceous cement, fine 


grained. 
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Depth in Meters Lithologic Descriptions 
4,140 - 4,170: Chocoitate brown and dark grey sandy shale and siltstone. 
4,170 - 4,170: Greyish white sandstone, medium grained, calcareous. 
4,170 - 4,450: Dark grey and chocolate brown silty shale, siltstone, 


sandy shale, brittle. 


4,450 - 4,510: Grey white sandstone, grains angular, poorly sorted, 


calcareous. 


O2510°= 45560: Missing interval 


4,560 - 4,570: Greyish white coarse grained sandstone, poorly sorted. 
4,570 - 4,585: Dark grey and chocolate brown shale. 
4,585 ~.4,615:. _, Greyish sandstone, coarse grained, grains angular, 


poorly sorted. 


4,615 - 4,630: Dark arey and chocolate brown shaly sandstone and 


siltstone. 


42030: = 457350? Greyish white sandstone, medium to coarse grained, 


angular, poorly sorted. 


4,730 - 4,800: Dark grey and chocolate brown shaly sandstone, sandy 


shale and siltstone interbeddings. 


4,800 - 4,830: Greyish white sandstone, fine to medium grained, 


poorly sorted. 
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Depth 
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5,900 


Note: 


AS 
ray 


in Meters | cellos es Eis nasil eluss 
= 4,845: Dark grey and chocolate brown sandy shale. 
~ 4,885: Greyish white medium to coarse grained sandstone, poorly 
sorted. 
- 4,950: Dark grey and chocolate shaly sandstone and siltstone. 
“ 4,960: Greyish white medium grained sandstone, micaceous. 
- 4,975: Dark grey and chocolate brown snaly sandstone and 


Siltstene, micaceous. 


5,000: Greyish white sandstone, coarse grained, angular, com- 
pact with occasional dark grey and chocolate brown shale 


at the base. 
- 5,006: Graphite and micaceous gneiss; Dahomeyan, basement. 
A 230-foot thickness of dolerite intrusion overlies the Paleozoic 


sediments. Fragments from this dolerite occur in most of the 


samples from this well. 
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EXPLANATION OF PLATES 
EXPLANATION OF PLATE I 


Figure (Scanning electron micrographs) Page 


Lez Ancyrochitina sp. cf. A. sancyrea. Eisenack 
Sample UC/19-2A/8500; 1, entire specimen; 2, de- | 
taris of multifurcate, hollow.-basal processes ........ 96 


3,4 Ancyrochitina tumida Taugourdeau and’ Jekhowsky 
Sample UC/19-2A/8500; 3, entire specimen; 4, de- 
tails of symmetrically placed basal processes ........ Viz 


5-7 Chitinozoan type B 
Sample SE/10-1/8220; 5, entire snecimen; 6-7, de- 
PATIL SMO OT Anil La ENON <cpeinitans 6 bee's Ee we ere lee ee atts « 186 


Magnification as shown on plate. 
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EXPLANATION OF PLATE II 


(Scanning electron micrographs) 


Angochitina (Ramochitina) ramosi (Sommer and van 
Boekel ) 
Sample A-1/1266-1268; 1, entire specimen; 2, de- 


eoismor NOlTOW SPECS (geteetes cuales). o’elsvece se letnere) sie o.0sere 


Chitinozoa type E 

Sample A-1/1266-1268; 3, entire specimen; 4, de- 
tails of part of ornamentation which consists of 
a network of thin strands (see Pl. XV, fig. 4, 


Vectoghe Ai) Ei ree Fon IEE ee a oe 


Sphaerochitina sp. 3 


Sainple SE/10-1/8220; 5, entire specimen; 6, details 


of spinose ornamentation o ole © a ospealelelale leieleutelelehetelctatetmers ete 


Magnification as shown on plate. 
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PLATE II 


Figure 


1-8,12, 
13 


EXPLANATION OF PLATE III 
(All figures X240 unless otherwise stated) Page 


Ancyrochitina sp. cf. A. ancyrea Eisenack 

i, Sample UC/19-2A/9010/1, specimen devoid of the 
prosome; 2, Sample A-1/1336-1338/1, specimen with 
plug-like prosome at the base of the neck; 3, Sam- 
Dle SE/10-1/8250/1, specimen with annulated prosome; 
4, Sample UC/19-2A/8700/2, specimen with the pro- 
some appearing to be ejected from the neck; 5, 
Sample UC/19-2A/8500/1, specimen with thick multi- 
furcate basal processes; 6, Sample A-1/1266-1268/3, 
Specimen showing bifurcate processes on the lip; 

7, Sample UC/19-2A/8260/4, specimen with spongy- 
textured basal processes (partly atrophied); 8, 
Sample UC/19-2A/8260/3; 12, Sample UC/19~-2A/8350/2, 
specimen with alveolar-like processes on the lip; 
eee sample UC/19=2A/S010/1 (Ch. Me cc sa sseseceeces 96 


Ancyrochitina sp. 1 

Well preserved specimens showing growth lines; 

body chambers high conical with short necks; 9, 

Samole SE/10-1/8300/5; 10, Sample SE/10-1/8300/3; 

11, Sampie SE/10-1/8500/1; 14, Sample SE/10-1/8600/4; 

15, Sample A-1/1298-1300/3; 16, Sample A-1/1298- 

1300/3; 17, Sample A-1/1298-1300/1; 18, Sample SE/ 
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EXPLANATION OF PLATE IV 


(All figures magnified X240 unless otherwise stated) 


Ancyrochitina striata Taugourdeau 

Well preserved specimens showing distinct folding 
of the wall along the vertical axis of the text; 
1, Sample SE/10-1/8400/1, specimen showing simple, 
tapering, basal processes; many of the specimens 
recovered were without the basal processes; 1, 
prosome lost; 2-4, with annulated prosomes; 5, 
with short plug-like prosome; 2, Sample A-1/1318- 
1320/1; 3, Sample A-1/1318-1320/2; 4, Sample A-1/ 
1318-1320/4; 5, A-1/1266-1268/1; 7, Sample UC/ 
19-2A/8260/2; 8, Sample UC/19-2A/8290/3, specimen 
SHOW ing crisscrossed Tomummanot the test: ..2.. ss. sce s 


Ancyrochitina sp. 1 
Sample UC/19-2A/8260/2 paeeeeereseeee eee eeosseeoe ese eeoee 


Ancyrochitina sp. cf. A. cornigera Collinson and 


Ancyrochitina tumida Taugourdeau and Jekhowsky 
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Ancyrochitina sp. cf. A. desmea Eisenack 
14, 15, Sample SE/10-1/8500/3; 15, details of 
ramified basal processes, magnification X 


380 ; 16, Sample SE/10-1/8850/2 ..... > SO 4 BaP Ore 
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EXPLANATION OF PLATE V 


(All figures magnified X240 unless otherwise stated) 


Ancyrochitina langei Sommer and van Boekel 

1, Sample UC/19-2A/8550/1, specimen with Simple 
tapering basal processes and thick, Spine-like 
processes on the lip; 2, Sample UC/19-2A/9010/3, 
specimen with bifurcate, long basal processes3 


3, Sample UC/19-2A/8500/5; 4, Sample DC/B8S0V0 ).. eee 


Ancyrochitina sp. cf. A. gumersinda Cramer 

9, Sample UC/19-2A/8880/4, specimen with dispro~ 
portionately long neck; 6, UC/19-2A/9010/1, and 7, 
Sample UC/19~-2A/8880/1, specimens intermediate be- 


tween A. gumersinda typical forms and A. langei ...... 


Ancyrochitina sp. 6 

8, Sample UC/19-2A/8880/1, specimen Showing distinct 
constriction at the junction of the neck and body 
chamber; 9, Sample UC/19-2A/9010/3, specimen with 
distinct translucent lip; 10, Sample A-1/1442-1444/ 
1, specimen with incipient constriction at the junc- 
tion of neck and body chamber; 11, Sample UC/19-2A/ 
8900/4, specimenwith constriction at the lip. A. 
sp. 6 differs from Ciadochitina biconstricta Lange 


i 


(from the Lower Devonian of Brazil which has some- 


What similar shape of the test) by the lack of or- 


pamentation Ofette body Cin A. sp.:6) Cu .c..s.e00s 00. 


Aipenachitina eisenacki Dunn and Miller 


Ore ee 


2, Sample UC/19-2A78550/2, soorly preserved speci-~ 


men. showing-rows of spines at the basal edae and on 
the chamber; 13, Sample UC/19-2A/8480/2; 14, Sam- 
pre UC/19~2A/ 8500/6). MMe Asc tc hes co sree 


?Alpenachitina sp. 1 

15, Sample A-1/1266-1268/2, specimen Showing a 
Cluster of spine bases on the upper part of the 

body chamber; 16, Sample UC/19-2A/8550/2 ....ccccccece 
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12-14 


15 


EXPLANATION OF PLATE VI 


(All figures magnified X240 unless otherwise stated) 


Ancyrochitina sp. 2 

Body chamber globular or sub-qlobular with variously 
shaped basal processes; 1, Sample UC/19-2A/8700/1, 
specimen with simple, tapering and knob-tipped 

basal processes; 2, Sample UC/19-2A/9010/3, speci- 
men with chisel shaped basal processes; 3, Sample 
A-1/1488-1490/1, specimen with bifurcate basal 
processes; 4, Sample UC/19-2A/9010/4, and 5, Sample 
UC/1902A/8700/3, specimens with short, simple, 
spine-like basal processes; 6, Sample UC/19-2A/ 
8350/2, and 7, Sample UC/19-2A/9050/2, specimens with 
long, simple, tapering basal processes; 8, Sample 
SE/10-1/8700/2, specimen with clavate basal pro- 
BASSES .s5 50's bo > SARRIO OT oC See pare ale sis 


Ancyrochitina tomentosa Taugourdeau and Jekhowsky 


ee ae A ne 


9, Sample SE/10-1/8300/1; 10, Sample SE/10-1/8300/ 


Peel Samp | Gee 0900/2 reas ais sso susiee ov e's oTeleime 


Ancyrochitina sp. 7 
12, Sample SE/10-1/8700/1; 13 and 14, Sample SE/ 
10-1/8700/1; 13, entire specimen; 14, details of 


ornamentation and basal processes X380 oeeoesecne Hae 


?Ancyrochitina sp. 4 


Sample UC/19-2A/8500/6 .......06- Neaje a oo eleleleinioie aie aiseets 
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EXPLANATION OF PLATE VII 


(All figures magnified X240 unless otherwise stated) 


Ancyrochitina sp. 3 

Most specimens of this species recovered from 

the wells had their basa! processes broken off. 

1, Sample UC/19-2A/8350/2, specimen showing simple, 
elongate, tapering basal processes; 2, Sample A-1/ 
1350-1352/1, and 3, Sample A-1/1450-1452/1, speci- 


mens with plug-like prosome at the base of the neck; 


4, Sample SE/10-1/8250/3, specimen with annulated 
prosome; 5, Sampte SE/10-1/8600/3; 6, Sample UC/ 
19-2A/8880/3; 7, Sample A-1/1298-1300/2; 8, Sample 
SE/10-1/8400/2; 9, Sample SE/10-1/8250/53 10, Sam- 
ple SE/10-1/8250/6; 11; Sample SE/10-1/8300/5; 

12, Sample SE/10-1/8600/3; 14, Sample SE/10-1/8350/ 


2; 15, Sample UC/19-2A/8400/2, specimen Te 


muteieuredtce basa} processes eoeorvnerveveevee220 8880 


Ancyrochitina sp. 9 
nS, sample SE/10~1/8350; 16, Sample UC/19-2A/8700/3, 
specimen with simple, elongated, tapeing basal pro- 


cesses: 17, Saltthheeey, Lo-24/ Gs U00/ Sn 6 ae eres claie siecle 
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Figure 


1-4 


EXPLANATION OF PLATE VITI 


(All figures magnified X240 uniess otherwise stated) 


Ancyrochitina sp. cf. A. spinosa Eisenack 


T, Sample UC/19-2A/8290/4; 2, Sample SE/10-1/8600/4; 


3, Sample UC/19-2A/9010/4; 4, Sample UC/19-2A/9010/2 .. 


Ancyrochitina sp. cf. A. sp. Jansonius 


5-9, specimens with short cylindrical necks; 5, 
Sample UC/19-2A/8380/3; 6, Sample UC/12-2A/9010/3; 
7, Sample A-1/1298-1300/4; 8, Sample A-1/1298-1300/ 
5; 9, Sample UC/19-2A/8380/3;, 10-14, specimens with 
short flaring necks, 10, Sample UC/19~2A/8290/1; 
11, Sample UC/19-2A/9010/3; 12, Sample SE/10-1/9050/ 
1: 13, Sample SE/10-1/8220/5; 14, Sample UC/8380/3; 
15-18, specimens with sparsely distributed fine 
spines; 15, Sample SE/10-1/8300/4; 16, Sample 
SE/10-1/8300/5; 17, Sample A-1/1298-1300/1; 18, 
Sample A-1/1298-1300/4; 19, specimen with coarse 


Spines, Sample SE/10-1/9000/5 BS o « “a: ogabaralcitaretavelnrsle *\>\6 Slates 
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PLATE VIII 


Figure 


1-9 


10-16 
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EXPLANATION OF PLATE IX 


(All figures magnified X240 unless otherwise stated) Page 


Cladochitina varispinosa Lange 

W383 “specimens with thick, bifurcate and multifur- 
cate Spines, 1, Sample UC/19- 2A/8500/4; 2, Sample 
UC/19- 2A/8500/4; 3, Sample UC/19- 2A/ 8650/25 4, 
Specimen showing spine bases, Sample UC/19- 2A/8650/ 
2; 5, specimen with simple, short spines and multi- 
branched basal processes (see Text-fig. 18e), 

Sample UC/19-2A/8650/1; 6, Sample UC/19- 2A/8550/15 
7, same as 6 darkened to show details of the spines; 
8-and 9, specimen with most of the spines abraded, 
8, Sample UC/19-2A/8650/2; 9, Sample UC/19- 2A/8600/ 
2 


eeeeceeoeee eae eee eaeeeeseeves eee eoeo see eeaeeeveeseesexneaeoveeseene 


152 


Ancyrochitina sp. 1 

Specimens with hispid to scaley ornamentation; 

10, specimen with plug-like prosome, Sample A-1/ 
1404-1406/1; 11, specimen with annulated prosome, 
Sample A-1/1298-1300/4; 12, Sample A-1/1318-1320/4; 
13, specimen with simple, elongated tapering basal 
processes, Sample A-1/1450-1452/2; 14, Samole A-1/ . 
1298-1300/5; 15, Sample A-1/1298- 1300/45 16, Sample 
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EXPLANATION OF PLATE X 


(Ali figures magnified X240 unless otherwise stated) Page 


= ano SS SLT TR8250/2: 2, Sample SE/10-1/8700/1; 

3, Sample A-1/1298-1300/5; 6, Sample SE/10-1/8300/4; 

7, Sampie SE/10-1/8300/1; 8, Sample SE/10-1/8300/2; 

9, Sample SE/10-1/8300/3; 10, Sample SE/10- te 

feo 11 Sap eey 10- 1/8 300G meres ss... cette cele st o's os outs 130 


Angochitina sp. cf. A. devonica Eisenack 

Specimens with elongated ovoid body chambers and 

broad flexures, 4, Sample A-1/1406-1462/1; 5, Sam- 

ple A-1/122460226/3 .., Mean... cee bs vee 132 


Angochitina callawayensis Urban and Kiine 
12, specimen with simple spines arranged in verti- 

cal rows, two rows of spines may converge near the shoul- 

der and continue orally as a single row of spines, 

Sample A-1/1286-12838/2; 13, specimen with bifurcate 

spines arranged in vertical rows as above, Sample | 
Hea 1] 1286 Sao ate ns a tinlss so vinliete ees s's «0's os ose e.clelnan 133 


?Ancyrochitina sp. cf. A. aequoris Urban and Kline 


wane ree a 


a. 15. specimens with multiturcate flattened 


spines vertically arranged; 14, Sample A- 17 1295 


1300/3; 15, Sampie A- 1/128 35 = 1288/2: 16-17, speci- 
mens with multifurcate flattened spines randomly 
arranged; 16, Sample A-1/12856~ 1288/23 17, Sample 
A- 1/1522- £52 ALL Rh a ee ca rae sal aeas ares BROe Ne cte a eels isis a +4 
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EXPLANATION OF PLATE XI 


(All figures magnified X240 unless otherwise stated) 


Angochitina sp. 4 
1, Sample A-1/1266-1268/1; 2, Sample UC/19-~2A/ 


8350/2 


Coemeeereoeoseeos eres seeerenoscerneecnrere @eeooo?e. eeee 


Chitinozoan type B 

Sample SE MmpewS270/2 .. ome: cose e a oc) ee 
Angochitina sp. cf. A. capillata Eisenack 

4-6, specimens showing Tack of spinose ornamentation 
on the lip. 4, Sampie SE/i0-1/8000/1; 5, Sample 
UC/19-2A/8700/1; 6, contracted Specimen, Sample 
UC/19-2A/8310/1; 8, specimen with reduced spinose 
ornamentation on the lip, Sample UC/19-2A/8700/2; 

9, specimen contracted at the base, Sampie UC/19- 
2A/8700/1; 11, specimen with plug-like prosome, 
Sample UC/19-2A/8950/2; 12, specimen with annu- 

lated prosome, Sample UC/19-2A/8700/2; 15, speci- 

men disoriented on slide giving a false impression 

of globular body chamber, Sample UC/19-2A/8650/1 ..... 


Angochitina sp. cf. A. bifurcata Collinson and Schwalb 
10, Sample UC/19-2A/8400/1; 14, Sample UC/19=2A/ 


AO PRS Ey IR OS 


Angochitina mourai Lange 


13, Sample SE/10-1/8220/3; 17, Sample UC/19-2A/ 
SVC RRR Wester Sa 


Angochitina sp. 2 
Sample UC/19-2A/8880/4 eoeeeeoeeeeea eee OHO eeSe+ear Oe E dO 


yeonm@oovdTve Cn FF SOROS FH THO HRDPR HYDE 


?Conochitina sp. 3 
Sample UC/19-2A/8460/1 eeeeeeeeoe ose eeeeeereeeeeenereevere 
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EXPLANATION OF PLATE XII 


(All figures magnified X240 unless otherwise stated) 


1,2, specimens with fairly long necks, 1, Sample 
UC/19-2A/8290/2; 2, Sample UC/19-2A/8310/4; 6-17 
specimens witn short necks-and showing variations 
in body chamber which varies from cylindro-ovoid 
to sub-globular; spine size and distribution also 
variable; 6, Sample A-1/1298-1300/3; 7, same as 

6, darkened to show spine profile; 8, Sample A-1/ 
1350-1352/1; 9, Sample A~1/1450-1452/1; 10, Sample 
A-1/1450-1462/1; 11, Sample A-1/1298-1300/3; 12, 
Sample A-1/1256-1268/2; 13, Sampie A-1/1298-1300/5; 
14, Sample A-1/1298-1300/4; 15, Sample A-1/1298- 
1360/1; 16, Sample A~1/1298-1300/1; 17, Sample 


Baby LCOG= UZ 6G 73". cistenis soe «os! Meisielsciisleis es sis > oats eiaieiel aie 


Angochitina sp. l 
3, Sample UC/19-2A/8600/1; 4, Sample SE/10-1/8700/1; 


5, same as 4, darkened to show profile of spines ..... 


Page 


138 


147 


280 


Tet! 


iM 7 


Figure 


1-5 


O57 


EXPLANATION OF PLATE XIIT 


(All figures magnified X240 unless otherwise stated) 


—— ae 


10-1/8220/3; 5, Sample A-1/1226-1228/2 ...ceecrecesens 


Angochitina sp. 3 
6, Sample SE/10-1/8220/5; 7, Sample SE/10-1/8220/5 ... 


Angochitina sp. cf. A. comosa Taugourdeau and Jek~ 
hows ky 
Sample ‘SE/10-1/8000/1 eos2ee eceoeeeeeoerF oe 27eTee2H9 230930900 


Chitinozoan sp. 
Sample A-1/1404~1406/2 (single specimen observed 
not described) 
Lagenochitina sp. cf. L. amottensis Grignani and 
3 Mantovani 
10, Sample SE/10-1/8000/4; 11, Sample A-1/1286- 
1288/5; 13, Sample A-1/1404-1406/1 ..ccusveccceceecees 


Angochitina comosa Taugourdeau and Jekhowsky 


_. SampTe. SE710-1/8000/6........ Ss ee er pers 


Angochitina sp. 2 
Sample SE/10-1/8000/5 eoseeneeereeereooceereveonzreo2ereoe et 
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EXPLANATION OF PLATE XIV 


(All figures magnified X240 unless otherwise stated) 


Sphaerochitina sp. 1 

1, two specimens in a chain formation, Sample SE/ 
10-1/8250/3; 2, Sample UC/19-2A/8600/2; 3-4, speci- 
mens folded at the base; 3, Sample UC/19-2A/8600/2; 


4, Sample UC/19-2A/8800/4 ....... 5p Meee eae o's shee si sate 


Sphaerochitina schwalbi Collinson and Scott 

5, Sample SE/10-1/8300/3; 6, Sample SE/10-1/8300/4; 

8, Sample SE/i0-1/8300/4; 9, Sample SE/10-1/8220/ 

3; 11, Sample UC/19-2A/9010/3; 12, Sample A-1/ 
1286-1288/3; 14, Sample UC/19-2A/8700/4; 15, Sam- 

ple UC/19~2A/8600/2; 16, Sample UC/19-2A/8650/2 ...... 


Sphaerochitina sp. 2 

7, Sample UC/19-2A/8700/1; 10, Sample UC/19-2A/ 
8700/1; 13, Sample UC/19~2A/8700/1; 17, Sample 
A-1/8250/4 .asssccsvccsceverincoscccccccesspesscspercee 


Sphaerochitina pilosa Collinson and Scott 
18, Sample UC/19-2A/9010/4; 19, Sampie UC/19-2A/ 
8290/5; 20, A-1/1404-1406/1; 21, Sample UC/19-2A/ 


9010/3 coe eee ceo ec eae eoHneoeereereeoreereeeeoseeneHeeH eee THe? 


Sphaerochitina sp. cf. S. piiosa Collinson and Scott 


«Sample UC/19=2A/8700/1, a variety of S. pilosa 


with an inflated body chamber, one specimen cbserved 
(not described). 
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EXPLANATION OF PLATE XV 


(All figures magnified X240 unless otherwise stated) Page 


Sphaerochitina sp. 3 

1, Sample UC/19-2A/8650/1; 5,6, Sample SE/10-1/ 
8250/5; 6, details of the prosome megnification 

X3803; 7, Sample SE/10-1/8250/4; 8, Sample SE/10-1/ 
8220/1; 11, Sample A-1/1454-1456/1; 13, Sample SE/ 
10-1/8750/2; 14, Sample A-1/1454-1456/1; 15, Sample 
el / 1454-1456. es esc sw ae ee ee rey. 182 
Chitinozoan type E 

2, specimen with long neck, ornamentation eroded, 

Sample A-1/1266-1268/2; 3, specimen with "medium" 

neck, ornamentation partly eroded, Sample A-i/1266- 

1268/1; 4, specimen with short neck and part of the 
ornamentation on neck, Sample A=1/1298-1300/1 ...... sp 196 


Sphaerochitina sphaerocephala Eisenack 


9, specimen devoid of the prosome, Sample SE/10-1/ 


8250/2; 10, specimen with the prosome appearing to 
be ejected from the neck, Sample SE/10-1/8220/4 ...... 


Lie 


Sphaerochitina brevis inosa Grignani and Mantovani 177 


Sample SE/10-1/8000/4 .0...... BE es vale MEN s soe 
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PLATE XV 
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EXPLANATION OF PLATE XVI 
Figure (All figures magnified X240 untess otherwise stated) Page 


Male Chitinozoan type B 


13,17, . 1.Sample SE/10-1/8220/2; 123013. Sample SE/10-1/ 
18 8220/4; 13, details of ornamentation, magnification 
y (ef. Plgmeme figs. 5-727, Sample Se/10-1/ 
(2073, 18, Semle SE/109108200/6 ....feed.....ceenmme 186 


eT Sphaerochitina sp. cf. S. cuvillieri Taugourdeau 


» Sample SE/10-1/8000/3; 3, Sample SE/10-1/8000/2; . 
Wiicenpie Aav/i26021268/3 001 eee. .... eee. ....eemnume! ® 


55 On Chitinozoan type A 
9,10 5, Sample SE/10-1/8220/4; 8, Sample UC/19-2A/ 
8150/3: 9, specimen with the ornamentation eroded, ag 
Sample UC/19-2A/8600/2; 10, Sample SE/10-1/8220/3 . 185 
657 Chitinozoan type C 
6, Sample A-1/1522-1524/2; 7, Sample SE/10-1/8700/1 .. 188 
11 Angochitina sp. cf. A. crumena Taugourdeau e 
Sample SE/10-1/8000/4 occ e seve eee ceeeee eee ceeeeees oan 
14 Angochi tina sp. 


Sampie SE/10-1/8000/2 (only Figured specimen ob- 
! served, not described) 


15356 Chitinozoan type D 
15, Sample SE/10-1/9050/6; 16 same specimen as x 
152 magnified x380 ......05 |. ee. hy 5 A Bis. 168 
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EXPLANATION CF PLATE XVII 


(All figures magnified X24C unless otherwise stated) 


Fungochitina longicollis (Taugourdeau and Jekhow- 
sky) Taugourdeau 
Sari Lem OULO/ Gas Boe + oo soe ce cls temic ss eceea'e 


Fungochitina sp. cf. F. pistilliformis lata Tau- 
gourdeau and Jekhowsky 
pomp le SE/Teb/OGDO/ 1) <.. gates sc/e's-o 0 o's Sates 6 «0.9 09% : 


Fungochitina sp. 
3, Sample Te SE/10- aco 4, Sample SE/10-1/8750/3 ... 


Angochitina sp. cf. longicolla Eisenack 
Sample SE/10- Merso/L 0 vd ele s voeeeeees a) safeisiele fete ecoryiaus 5 


Angochitina mourai Lange 


Sample A- 1/1224- 1226/1 Ser,eeeseeeeareeveverexrea72¢ 0000080928 


?Conochitina sp. 4 - 
Samp le UC/19-2A/8460/2 ee esovoeeoereneavreoxs Hove serv 27 cera 


Sor rt er ce mere 


A- 1/1350- 1352/1, 9, tie se T/AS2CeEO24/ 1 6.5 ss det : 
?Conochitina sp. 1 
Same CG 2 UG0/ 1 Ls ceils c vices 00s 0 occ seals ee ae ces 
ancy rochtaiaestr tata Taugourdeau 

_ Basal processe ian specimens broken; 11, Sampie 
SE/10-1/8850/4; , specimen showing a pyrite crys- 


tal embedded in a wall, Sample SE/10-1/8850/2 ...... 


?Conochitina sp. 5 
13, Sample UC. aC/19- 2A/8480/1; 16, Sample A-1/1442-1444/3 


icone ag sp. 2 


Saeed 


Sample UC/I9—2A/TOGO/2 wircccncecccecvccseccesecveseces 


ochitina (Ramochitina) magnifica (Lange) 
Sample SE Ti0- T/BES071 a 5 eee 
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EXPLANATION OF PLATE XVIII 


(All figures magnified X240 unless otherwise stated) 


Rhabdochitina sp. cf. R. magna Eisenack 


Poorly preserved specimen, ate SE/10-1/8600/3 
magnification X240 . ooo eretatetateietn eicts oo aletelole wielersiaie s/eiers 


Chitinozean type F 
samore SE/1081/9050/4 .... Gees 5 ee PPS 


Rhabdochitina sp. cf. R. claviformis Taugourdeau 


Poorly preserved specimen, Sample SE/10-1/9050/4 ..... 


Desmochitina sp. 


ae a ne ee 


Urochitina sp. cf. U. bastosi yan Boekel 


ere SE/102RV C2507]... SMe, . ono cc cccnee et 


Hoegispnaera glabra Staptin 

6, specimen with the operculum lost, Sampie UC/ 

19- 2A/9010/ 2: 7, Specimen with the operculum tiited - 
to one side, Sample UC/19-2A/9010/3; specimen with 
the operculum in place, Sample UC/19-2A/9010/1 ....... 


Lagenochitina Sp. 2 


Sample A-1/24=3 decd {1 5b 0p ee cee ic vas ee oe 


Rhabdochitina sp. 1 

Part of another test attached to the neck of this 
specimen; spine- -like process near the base, Sample 

CE PL ISA IOLOLS s+ 0 once > oRercmatetslain so cote Gl sRriaetauale sislietets 


?Rhabdochitina sp. 
Sample A-1/1460=1462/3 (only the figured specimen 
was observed; specimen not described) 


Eisenackitina sp. 1 

12, specimen without the operculum, Sample A-1/ 
1336-1338/3; 13, specimen with the operculum, 

Sample A-1/1318-1320/4 ....... Sree sels s.0 os senses 


Lagenochitina sp. 1 


Sample! UCP TOAZAy Ay O04 a. « « stea nein eet cee eiate Ae ae 
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Figure 
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EXPLANATION OF PLATE XIX 


(All figures magnified X660 unless otherwise stated) 


Ammonidium sp. 


Sample UC/19- herent ab sod Se 4 oe eee 


Ammonidium sp. 2 


Spl UC) L9a2A7] SAGO LM, acter e's cicisie's so. 0's » aie dies gales a'n's 0 


Multi Licisphaeridium ramusculosum (Deflandre) Lister 


ae Ae UC/19-2A/8480/3; 4, Sample UC/19-2A/ 
8480/2; 9, Sample UC/19- 2h/8480/3 eee se ecseesoes aie 


SE A EN 


5, Sample UC/19-2A/8480/1; 7, Sample UC/1 9=2A/ 
8480/4; 8, Sample UC/19-2A/8480/3 .....ccecseee on 


Evittia granulatispinosum (Downie) Lister 


Sample UC/19=2h/ 8480/2 vio so. ees cee coe c sec ones cies 


Micrhystridium steliatum Deflandre 

TO, Sample UC/19-2A/8480/1; 11, sample UC/19-2A/ 
8480/1; 15, Sample UC/19- 2A/8480/1; 16, Sample UC/ 
19-2A/8480/2 St aut ents MEGS Steere $0 008 5 BY eras areercas veka 


-- Vervhachium stelligerum Deuntf 


Sample UC/19- 2A/3480/1 Sirs fk co seins oe + 6 saeco : 


Veryhachium sp. cf. V. lairdi (Deflandre) Deunff 


—— 


13, SampTe | UC/19-2A/8480/1; ls, Sample UC/19-2A/ 
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EXPLANATION OF PLATE XX 


Figure (All figures magnified X660 unless otherwise stated) 


1-3 Anmonidium sp. 2 
1, Sample A-1/14C/2; 2, Sample UC/19-2A/7700/2; 
3, Sample SE/10-1/8450/3 Pe etatebe erg isin-aigie;'e.v\e «Vie 4 ¢, nie aioe 


Aad Umbellasphaeridium sp. cf. U. saharicum Jardiné et al. 


lu 


A, Sample SE/10-1/8400/3; 7, Sample UC/19-2A/8150/2 .. 


5 Ammonidium sp. 3 


a ee 


Sample UC/19-2A/8480/2 . POA ER AGL RO RAN Ie TIC 


6 Multiplicisphaeridium ramusculosum (Deflandre) Lister 
Sample A-1/14C/1 ccc es cee cece nccerevennrrccsaccrcene 


8 ?Pterospermopsis sp 
Sample UC/19- 7h78430/2 (only figured specimen was 


observed, it was not described) 


9 2Evittie sp. 2 
Sample UC/19-2A/8480/4 ....ecceceececceccreccersccsess ; 
10 ?Acritarch so. 


Sample UC/19-2A/8480/1 (only figured specimen ob- 
_ served, it was not described). 


11,12  ?Cymatiosphaera sp 
Ii, Sample UC/19- Oh / 8480/3: 12, Sample SE/10-1/ 
3650/3 se Ot are taveretan eee Sheets tee ete sb <i « winters eae 
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EXPLANATION OF PLATE XXI 


(All figures magnified X660 unless otherwise stated) 


Veryhachium trispinosum (Eisenack) Cramer 
1, Sample UC/19-2A/9010/1; 2, Sample A-1/14C/2; 
3, Sample A-1/14C/1; 4, Sample UC/19-2A/9010/1;5 
5, Sample UC/19-24/8480/2; 6, Sample UC/19-2A/ 
8480/2; 7, Sample UC/19-2A/8480/1; 8, Sample UC/ 
Oe Orla eters cg ic aie: 0.06 ole Wemetebaiate’ se stevmterataterete 


Veryhachium europaeum (Stockmans and Williere) 
Cramer 

9, Sample UC/19-2A/8480/1; 10, Sample UC/19-2A/ 

BARO) 3 eh ke oe Sit bieier eo acasie > 0's 4.5018) Bikeetere aise ae 38 


Acritarch) sp. 
Sample UC/19-2A/8480/2 (only figured specimen ob- 
served, it was not described) 


Stellinium octoaster (Staplin) Jardiné et al. 


——<—$$———> 


Sample UC/19-2A/8480/3 ....eseeeees ape: s Soran ete aisle 


—_— 


Veryhachium pastoris .Deunff 
TA; Sample UC/T9-2A78500/4; 15, Sample UC/19-2A/ 
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EXPLANATION OF PLATE XXII 


(All figures magnified X660 unless otherwise stated) 


Evittia remota (Deunff) Lister 

1, Sample UC/19-2A/8480/4; 2, Sample UC/19-2A/ 

8480/1; 4, Sample UC/19/2A/8950/1; Sample UC/19-2A/ 
BU Loos wie t's diare o'al aie otc austell etoile Sickie tie) «Ss o's, a's 


Stellinium octoaster (Staplin) Jardiné et al. 


Sapre: UC/19-2N/ 8460/1 - ieee cee ae vee eee eee 
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PLATE XXII 


Figure 


EXPLANATION OF PLATE XXIII 


(All figures magnified X660 unless otherwise stated) 


Verynachium pastoris DeunfT 
Sample UC/19-2A/8950/4 .....eeeveesees Aeiieercisler isis # + ss 


Evittia sp. 1 


Sample UC/19-2A/8950/3 ..cceresecorveccocscenvcsseeces 


Evittia remota (Deunff) Lister 
Sample UC/19-2A/8480/4 22... cueeeeees PRidia = oe 6 isles) cleia).¢ 


Veryhachium rabiosum Cramer restricted 
Sample UC/19=-2A/8480/4 we cceescovcceccccccrcceesserens 


Veryhachium lairdi (Deflandre) Deunff 
Sample SE/10-1/8600/1 ...cccccccevsevcccccces me ee rea 
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EXPLANATION OF PLATE XXIV 


Figure (All figures magnified X660 unless otherwise stated) Page 
1 Estiastra shu 

Sample UC/19-2A/8480/3 ...... 4 nid'w 6 0 TMM es <P Ra 215 
2 Leiofusa fastidiona Cramer 

Sati ela AGM ke cca oie ce ene acta AN 5 221 
é wei rusasSpeul 

Sample UC/19-2A/9010/4 .........06. EU sa READS. aie 222 
4 Pterospermopsis sp 

Sample UC/19- 7/8130/2 SAA IEEE ae aA 5 oleae Dee 217 
5 Pteropspermopsis sp. 


Sample UC/19-2A/8480/2 {only figured specimen ob- 
served, it was not described) 


6,7 Tunisphaeridium caudatum Deunff and Evitt 
6, central body, Sampie UC/19-2A/8480/1; 7, entire : 
test, Sample UC/19-2A/8480/1 ........06. lee ae eee 232 
8 ?Leiofusa sp. 2 
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EXPLANATION OF PLATE XXV 


(All figures magnified by X660 unless otherwise stated) 


eunisphaer eeu caudatum Deunff and Evitt 

oamp eS LO POG 00/ OPT) ae Stace « sicjels gree tars ecaierel =) ciate : 
Tunisphaeridium ee Deunff and Evitt 

Sample SEF TOS GAa0/ A ee ee. ces te acne coeceees 
pope t8 sphaeridium saharicum Jardiné et al. 

Samp SE/10- Eas) Ne eoeoeorererseeceeseeese ex enoe paeeeeeoooe 
Forma H 

Sample SE/10-1/8560/4 .......% soe 8 Qretelaiseia a eteusln etstetatas este 


Triangulina alargada Cramer 


mole A. — 


5, Sample A-1/14C/1; 6, Sample UC/19-2A/8480/3 ..... oe 


Crameria pharoanis pharoanis (Deunff) Jardiné et al. 


Sample. oe) 10-178450/3) Jee eee SMPeIEs seins t eee cuoteuetatels 6.8 
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PLATE XXV 


Figure 


1-11 
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EXPLANATION OF PLATE XXVI 


(All figures magnified X660 unless otherwise stated) Page. 


Viliferites tenuimarginatus Brito 
1, Sample A-1/14C/2; 2, Sample Aaly L4C/1: 3, "specte 

men with outer body eroded, Sample A-1/14C/1; 4, 

specimen with a slit-like opening in the central 

body, Sample A-1/14C/2; 5, Sample A-1/14C/1; 6, 

specimen with polyaonal central body, Sample A-1i/ 

14C/1; 7, Sample UC/19--2A/8480/4; 8-11, specimens 

with the central body distinctly ornamented, 8, 

Sample; 9, Sample UC/19-2A/8480/2; 10, Sample UC/ 
19-2A/8480/2; 11, Sample UC/19-2A/8480/2 ..........-.. 218 


Forma G 

12, 13 polar views showing ring-like structure, 

12, Sample A-1/14C/1; 13, Sample A-1/14C/2; 14, 15 

Opposite poles showing large opening, 14, Sample 

meee, 15, Sampler taG/Me eee. essence cee asl. 235 
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EXPLANATION OF PLATE XXVITI 


Figure (Al] Figures magnified X660 unless otherwise Stated) 


1-3 


45,7 


_—. _—— 


1, sample UC/19-2A/8480/4; 2, Sample UC/19-2A/ 
8480/3; 3, Sample UC/19-2A/8480/3 .......... «i 


Navifusa brasiliensis (Brito and Santos) Combaz et al. 


Navifusa eisenacki (Brito and Santos) Combaz et al. 
4, Sample UC/19-2A/8480/1; 5, Sample UC/19-2A/78480/4; 
7, Sample UC/19-2A/8480/4 ..... oe ietraperele si''s auele Crete. «'c cae 


?Navifusa sp. 
Sample UC/19-2A/8480/4 (only the figured specimen 
was observed) 
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PLATE XXVII 


Figure 


EXPLANATION OF PLATE XXVIII 


(All figures magnified X660 unless otherwise stated) Page 


Forma J 
Sample SE/10-1/8600/4 


Maranhites brasiliensis Form A (Brito) Daemon et al. 


Sample SE/10-1/8700/1 .......... sates avsvepenneratecre aes “e 227 
Maranhites brasiliensis Form P (Brito) Daemon et al. 228 
Leiosphere 


Sample UC/19-2A/8550/2 


Tasmanites 

5, Sample UC/19-2A/7700/4; 6, Sample UC/19-2A/7700/4; 
7, Sample UC/19-2A/8550/1; 8, Sample 7700/4, 9. Sample 
UC/19-2A/7800/1 
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